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Treatment methods other than microsurgical clipping of intracranial aneurysm 
are important to neurosurgeons as aneurysms may be incompletely clipped or found 
unclippable at operation. Reinforcement and direct intrasaccular filling have been 






j This study set out to document the protective effect of cotton, fibrin sealant and n-
J 〖‘ 
j butyl-cyanoacrylate (NBC) as the material for experimental aneurysm reinforcement 
i , 
i and intrasaccular filling. For this purpose, a new aneurysm model has been developed 
I 
in the rat common carotid artery by the method of adventitia patch fibrin sealant sealed 
i 
arteriostomy. This model is simple and reproducible. The aneurysms produced are of 
;i -一-‘. -、-
d “ 
sufficient size and stable for 6 weeks in a predictable and surgically accessible site. 
The aneurysm is similar to the human spontaneous intracranial berry aneurysm in 
_ many-ways including its saccular shape, its tendency to rupture and its histological 
feature. Repeated visualization of the aneurysm is possible through angiography by 
] 
i the percutaneous cardiac puncture technique. Bursting pressure of the experimental 
! aneurysm at 1,2,4,and 6 weeks was documented. This model is also suitable for use in 
！: 
？I 







j Immediate results and results of 1 week after the experimental treatment on this 
model showed that reinforcement using cotton and fibrin sealant in combination was 
j 
I the substance of choice, giving the best protection from rupture. NBC reinforcement 
i 
can provide good protection to the aneurysm against rupture, but because of its 
potential histoxicity, its use should be restricted to life threatening situations. 
2 
I 
Filling the aneurysm with fibrin sealant or NBC give significant protection from 
immediate rupture. However, the technique of intra-aneurysmal injection remains 
i 
1 unpredictable, resulting in 45% of aneurysms completely filled, 35% partially filled or 
I 
unfilled and 20% parent artery thrombosis. This method of aneurysm treatment is 
i 
therefore NOT suitable for clinical application. 
i ？ 
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Aneurysm is defined as a persistent, localized dilatation of the vessel wall 
(Stehbens 1983). Intracranial aneurysms account for half of ail cases of subarachnoid 
haemorrhage (Skultety and Nishioka 1962) and one third of the local population of 
Hong Kong (So 1979) with a management mortality of 44%(Poon 1988). Half of these 
patients die or become permanent disabled as a result of the initial haemorrhage, and 
another 25 to 30% die of a further haemorrhage if left untreated (Heros and Kistler 
1983). The treatment method of choice is that of microsurgical clipping at the earliest 
opportunity (Ljunggren 1987). However, some patients may be unfit for a major 
craniotomy due to old age or poor general condition, in some, clipping may be 
impossible due to complex arterial and / or aneurysm anatomy. The number of 
_"un&lippable" aneurysm is diminishing with improving microsurgical technique and 
adjuncts to operation such as temporary intraoperative arterial occlusion and methods 
S of brain protection such as deep hypothermia, elective cardiac arrest and 
i pharmacological brain protection ( Batjer 1988，Richards 1987，Silverberg 1981， 
1 
1980). A report from the Danish cooperative study showed that the rate of unclippable 
f 
aneurysm had decreased from 10.4 % in the early 1970丨s to 6.3% of the early 1980's 
j, 
I (Rasmussen 1980; Rosenorn 1987). For the giant or fusiform aneurysms and 
1 一-, 
I aneurysms of the posterior circulation, the rate of "unclippable 丨丨 aneurysm remains 
high even in experienced hands ranging from about 32% to 62% (Drake 1979，Heros 
1983，Chang 1986). On the other hand, long-term follow up has revealed that a new 
i aneurysm may develop from the neck remnant after clipping, and / or the clip may 
j 
I dislodge (Drake and Vanderlinden 1967, Drake 1984, Ebina 1982, Feuerberg 1987, 
Heros 1983，Lin 1989). It is therefore important for neurosurgeons to familiarise 
4 
themselves with other treatment methods when microsurgical clipping fails. In some 
situations, endovascular technique may be the treatment of choice (Romodanov and 
Shcheglov 1982) and in some, stereotatic technique. For a practicing neurosurgeon, 
the 6-10% surgically explored cases that are either incompletely clipped or 
unclippable, reinforcement by wrapping/coating or sometimes filling of the aneurysms 
by direct intrasaccular injection during operation are the old but still useful last resort 
(Heros 1983). For these wrapping/coating and filling methods, various kinds of 
substance have been investigated, yet the ideal substance has not been found so far. 
On the other hand, although many histological studies have been performed in these 
treatment methods, little attention has been given to the physical strength of 
reinforcement or internal occlusion in protecting the aneurysm from rebleeding. 
The aim of the present study is to investigate the efficacy of the theraputic 
reinforcement and filling of cerebral aneurysms • The main method used in this study 
i s to-determine the bursting pressure of an experimental animal aneurysm before and 
after it is treated by these methods. It is hoped that this study will answer the question 
what is the best method in protecting an cerebral aneurysm from rebleeding when 






TREATMENT METHODS OF INTRACRANIAL 
ANEURYSMS OTHER THAN CLIPPING 
The objective of treating an intracranial aneurysm is to obliterate the aneurysm 
from the circulation permanently in order to prevent it from rupture while the parent 
artery is preserved. To achieve this, the method of choice today is microsurgical 
clipping of the aneurysm neck. When this is impossible, other methods are available. 
For example, to obliterate both the aneurysm and the parent artery from the circulation 
by trapping with or without revascularization; to decrease the blood flow and blood 
pressure of the parent artery and the aneurysm by proximal artery occlusion thus 
、一 C - ••、-. 
partially obliterating the aneurysm from the circulation; to strengthen the aneurysm 
wall by reinforcement without obliterating the aneurysm from the circulation. 
Jjntrasaccular obliteration of the aneurysm is the only way other than clipping that will 
obliterate the aneurysm from the circulation while the parent artery is preserved. 
PROXIMAL ARTERY OCCLUSION 
Acute or chronic occlusion of the common or internal carotid artery is still a 
s tandard method of t reatment for d i f f icul t aneurysms of the internal 
Carotid Artery (ICA) (Diaz 1989，Lye and Jha 1989，Ojemann 1988，Swearingen and 
Heros 1987).The most common complications after carotid ligation are cerebral 
ischaemia and haemorrhage. Late complicat ions include delayed ischaemia, 
symptoms from growth of the aneurysm, development of hypertension and delayed 
haemorrhage either from the same aneurysm or from a new aneurysm that had not 
6 
been visualized previously. The new aneurysm may be a de novo aneurysm related 
to the haemodynamic stress in the Circle of Willis following carotid ligation (Dyste and 
Beck 1989). Ligation of the 丨CA extracranially will produce a long distal stump which 
may act as a source of embolism (Fox 1987，Ojemann 1988, Weil 1987). A better 
alternative to the traditional internal carotid artery ligation is balloon occlusion 
proximal to the neck of the aneurysm using endovascular techniques (Weil et al 1987). 
For aneurysm of the posterior communicating artery (PCA), common carotid 
artery(CCA) ligation does not appear to be an effective therapy. The long-term result 
of 115 patient with aneurysms predominantly in the PCA area treated by CCA ligation 
reveal that the rate of fatal recurrent bleeding from intracranial aneurysms is the same 
as the natural course of conservatively managed ruptured aneurysms(Jha 1986). 
TRAPPING THE ANEURYSM 
This is to obliterate the aneurysm from the circulation by occlusion of its parent 
artery both proximally and distally. It is mainly used for the aneurysm of the anterior 
communicating artery (Fox 1983), also an important method in dealing with some 
unclippable aneurysm in combination with revascularization technique (Diaz 1989; 
Chang 1986). 
INTERNAL OCCLUSION OF THE ANEURYSM 
intrasaccular filling of the aneurysm can be achieved by iatrogenically induced 
clot or other substance to render it incapable of further enlargement or bleeding. Such 
7 
substances may be introduced through a transvascular catheter or by direct injection 
during craniotomy or stereotactic technique. The general advantage of intrasaccular 
occlusion is that it can obliterate the aneurysm from the circulation while the parent 
artery is preserved. As it can be carried out by the intravascular catheter or stereotactic 
technique, a major craniotomy may be avoided. On the other hand, if it is done during 
the craniotomy, minimum aneurysm exposure is required. The disadvantage of this 
method is that the size of the aneurysm and therefore its compression effect remains 
unchanged. Internal occlusion is not suitable for fusiform aneurysm. 
Various methods have been employed for the internal occlusion of the aneurysm 
including packing with muscle, oxycellulose, gelfoarm, cotton; induced thrombosis by 
cryoprobe, laser, thrombin, wire with or without electricity, animal hairs; filling with 
'一：？ ‘ 、 
synthetic agents such as cyanoacrylate, polymethane foam and polyvinyl alcohol foam 
etc.. Most of these methods have been documented in the neurosurgical literature as 
^ase-reports. A balanced review was written by John J Fox (Fox 1983). The following 
is a summary of the main methods. 
(1) WIRE-INDUCED THROMBOSIS 
Applying direct electric current through a fine metal wire within the aneurysm 
can induce thrombosis. This procedure can produce vasospasm, injury to overlying 
arterial branches, incomplete or excessive thrombosis ( Mullan 1974). The objective 
of electric current was to potentiate thrombosis. This effect has not been reproduced 
experimentally by other authors (Fox 1983). 
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i 
Laser-induced thrombosis from without the aneurysm has been used in 
experimental aneurysms, but the obliteration was incomplete and there was 
significant risk of aneurysm rupture(Fox 1983). In 1986, Rati I et al. reported a 
technique of quick intrasaccular thrombosis induced by electromegnetic field focusing 
(EFF) probe in 75 experimental animal aneurysms . With one of the probe 
positioned 3cm from the aneurysm and the other probe inserted into the aneurysm, 
total intravascular thrombosis was induced in 6 seconds. All the aneurysms showed 
shrinkage and complete thrombosis histologically with partial obliteration of the parent 
vessel observed in 2 aneurysms. This technique is potentially useful during 
craniotomy when an saccular aneurysm is found to be unclippable. 
Laser-induced intrasaccular thrombosis can be delivered by a balloon-catheter-
fiboroptic system. This has been shown to be effective in 12 of 20 experimental 
aneurysms in rabbits, complicated by parent artery occlusion, aneurysm rupture and 
partial thrombosis of the aneurysm (O'Reilly 1989). 
(3)INTRAVASCULAR BALLOON TECHNIQUE 
This method consist of occlusion of the aneurysm with preservation of the 
patency of the parent vessel (reconstructive operation ) and occlusion of the parent 
vessel at the orifice of the aneurysm (deconstructive operation) (Serbinenko 1974). 
Intravascularly, the balloon catheter can be inserted into branches of the middle, 
posterior or anterior cerebral arteries (Romodanov and Shcheglov 1 9 8 2 ) . In 1 9 8 2， 
Romodanov and Shcheglov reported 137 aneurysms so treated with 93 
reconstructive and 15 deconstructive operation. There was a small number of 
complications including aneurysm rupture by the balloon, balloon rupture leading to 
I silicon embolization and distal embolization by the accidentally detached balloon. 
9 
Romodanov considered this detachable balloon catheter surgery to be the first choice 
for all intracranial berry aneurysm. The advantage of proximal occlusion by balloon 
！ 
has been well recognized, but placing the balloon inside the aneurysm has not been 
widely accepted because of the difficulty in the balloon positioning ，risk of aneurysm 
rupture and incomplete occlusion of the neck (Alksne 1985; Fox and Drake 1987; 
Higashida 1989). 
There were 7 PCA aneurysms in Romodanov and Shcheglov's report with 6 
failure ( 3 fatalities) and only 1 success. Recently more cases of successful balloon 
embolization of aneurysms of the vertibrobasilar artery territory in combination with 
neurophysiological monitoring have been reported ( Berenstein 1984，Hieshima 
1987, Higashida 1989，Royle 1986, Zeumer 1985). 
i j 
(4) IRON-ACRYLATE MAGNETIC STEREOTAXIC THROMBOSIS 
— 
This involves introduction of iron particles and polymerizing methylmethacrylate 
into the aneurysm, held in place by a magnetic probe under radiographic monitoring 
with image-intensified fluoroscopy and disc recorder. 22 anterior communicating artery 
aneurysms were treated by this technique (Alksne and Smith 1980). Total obliteration 
was achieved in 17 cases. 4 had incomplete filling, 2 hemiparesis, one of them due to 
extension of the iron-acrylate beyond the neck of the aneurysm and the other due to 
angiographic complication. In follow up of 6 months to 4V2 years, no subarachnoid 
haemorrhage was observed in all the patients. This method has not gained wide 
acceptance, because of the highly technical nature of the procedure requiring 
extensive instrumentation and the concurrent marked improvement in microsurgical 
clipping (Alksne 1985). 
10 
(5) FILLING THE ANEURYSM WITH CYANOACRYLATES 
To occlude the aneurysm by injecting the cyanoacrylate compounds into its 
lumen has been investigated experimentally and clinically. 
Methyl-methacrylate was first reported in the 1960's for direct filling of 
j experimental aneurysms in the common carotid arteries of dogs. However, its high 
viscosity and slow polymerisation time has made it unsuitable for intrasaccular 
injection (Genest 1965). 
lsobuty-2-cyanoacrylate (IBC) has a lower viscosity and shorter polymerisation 
I time with less histoxicity than the methyl-methacrylate and has been used in 
intrasaccular injection of experimental aneurysms (Zanetti and Sherman 1972). The 
j main problems, distal arterial embolization by the adhesive agent and parent artery 
Ibrombosis, might be lessened by temporary proximal parent artery occlusion, careful 
！ calculation of the amount of the adhesive injected and a slow rate of injection. The 
tissue reaction to the 旧C was mild and was limited to loss of intima with minimal 
j changes seen in the media up to 3 month following injection. Pathological findings 
！ showed that the aneurysms would be occluded permanently as there were fibroblastic 
invasion of the clefts within the IBC injected and bridging of the aneurysm neck by the 
endothelialised fibrous tissue. 
In 1977，Sheptak, et al. reported the treatment of 20 patients with mainly anterior 
communicating arterial aneurysms by direct injection of IBC during craniotomy or via 
closed stereotatic procedure • Of the 20 patients 1 died 48 hours post-operatively with 
autopsy finding of a thrombus extended from the neck of the aneurysm into the middle 
and anterior cerebral arteries. Post-operative angiography showed that 7 aneurysms 
1 1 
had complete and 11 incomplete occlusion. Rebleeding occurred in 2 patients 1 
month later and in 1 patient 3 years later from incompletely occluded aneurysms. 1 
patient with incomplete aneurysm occlusion had angiography 1 year later showing 
complete obliteration. 
The problem of distal embolisation and parent artery thrombosis may be 
overcome by endovascular balloon occlusion of the aneurysm neck at the parent 
artery prior to the intravascular injection (Debrun 1984). Among the 14 vein pouch 
graft aneurysms, 10 were successfully occluded, 1 had the parent artery occlusion 
immediately after the treatment, 1 had the parent artery tear at the neck portion of the 
aneurysm and 2 had parent artery thrombosis 1-2 months after the procedure 
although their patency was confirmed immediately after treatment. Histological 
examination showed that at 1 month after the treatment the neck portion of the 
I aneurysms filled with the IBC were endothelialised and no inflammatory reaction was 
1 
j noted^ &ompIication of the endovascular balloon such as de-epithelialisation of the 
) 
j intima and tear of the media of the parent artery were noted . These angioplastic effect 
j Of the balloon as well as the irregularities of the solidified IBC might be responsible for 
the delayed thrombosis of the parent arteries in 2 of the dogs. 
Percutaneous endovascular cyanoacrylate filling of experimental aneurysm and 
I the treatment of a human facial artery aneurysm by this method has been reported 
i ^ 
(Kerber 1985). Experimental ly, 5F polyethylene catheters were placed 
percutaneously via the common femoral arteries into the common carotid arteries of 
the dogs. By injecting the IBC through the intravascular catheter into the lumen of the 
aneurysm, 15 of the 16 vein pouch graft aneurysms were successfully occluded, 1 was 
complicated by occlusion of the internal carotid artery. By slow injection of a mixture of 
旧C with tantalum dust under the fluoroscopy, the progression of the aneurysm filling 
12 
was readily seen. Multiple samples of the masseter muscle examined grossly found no 
evidence of distal embolization of the cyanoacrylate mixture. 
Although results of experimental studies on filling the aneurysm with IBC are 
encouraging, its unresolved complications of parent artery occlusion and distal 
embolization coupled with its histoxicity and potential carcinogenicity (Samson 1986) 
have made it a treatment method of the last resort (Nishimoto 1987). 
I (6) FILLING THE ANEURYSM WITH FIBRIN SEALANT 
3 i 
The fibrin sealant is a physiological clotting substance composed of high 
concentration of clotting factor XIII, plasma protein, aprotinin and calcium as one 
component and thrombin as the other component. When the two components are 
I mixed, the substance will solidify due to conversion of the soluble fibrinogen into fibrin 
i 
I -by the action of thrombin and subsequent stabilisation by factor XIII. With the high 
X \ 
\ concentration of clottable protein, the fibrin sealant has a stronger intrinsic tensile 
I strength than that of fibrin formed from natural plasma or cryoprecipitate (Redl and 
[ Schlag 1986). It is resistant to fibrinolysis due to its high concentration of aprotinin. 
However, it is absorbed in the tissue within 1 week mainly due to phagocytosis 
(Peluger 1986). Promotion of the growth of fibroblasts in tissue healing was observed 
with the application of fibrin sealant to a wound, which is the function of high 
concentrated factor VIII (Schlag 1986). Direct intravascular injection of fibrin sealant 
(TISSEEL) had been reported in experimental aneurysms ( Moringlane 1987). In the 
study, reabsorption of the fibrin tissue adhesive injected into the experimental 
aneurysm occurred within 2 weeks after the injection which was replaced by a dense 
granulation 
tissue delineated by an endothelial cell layer，irrespective of whether the 
occlusion of the aneurysm was complete or partial. Though the results of this study are 
13 
only tentative, they showed that fibrin sealant may be a suitable substance for 
aneurysm filling. Fibrin sealant is a physiological clotting substance and is not toxic 
or carcinogenic in contrast to the cyanoacrylate. Further research is needed to refine 
the technique of injection and to investigate the efficacy of internal occlusion 
especially during the early period after the initial aneurysm haemorrhage when the 
risk of rebleeding is high yet the fibrin has not been replaced by granulation. Previous 
Nstopathological studies of the human cerebral aneurysms showed that partial or 
even near-total thrombosis of an aneurysm after the initial haemorrhage did not give 
adequate protection against rebleeding ( Crompton 1966). 
.一J - 、 
REINFORCEMENT OF THE ANEURYSM 
一 - - ^ h e unclippable or incompletely clipped aneurysms may be reinforced by 
wrapping or coating. These methods may also be used to lock in place a clip, which 
may dislodge postoperatively (Heros 1983; Mclean 1986). The principle 
disadvantage of reinforcement is the need for complete exposure and encasement of 
the aneurysm. Reinforcement dose not obliterate the aneurysm from the circulation. 
Although the size of the aneurysm may be reduced with time either by thrombosis 
within the sac or by contraction of fibrous tissue, this is not a constant or predictable -•？ 
process (Mount and Antunes 1975; Todd 1989). An ideal substance for reinforcement 
should be one of good bioadhesiveness, easy application, good strength to give 
effective reinforcement immediately as well as permanently and no toxicity or harmful 
tissue reaction. 
14 
(1) AUTOGENOUS TISSUE ( MUSCLE, FASIA, DURA ) AND GELATIN，SPONGE ( 
GELFOAM ), OXYCELLULOSE GAUZE (SURGICEL ) 
All these materials are poor adhesives, lacking satisfactory fibrous tissue 
reaction, and absorbed within 1 to 2 months post-operatively (Ebina 1984，Fox 1983, 
Haase 1986). 
I 
I (2) COTTON 
Materials similar in nature to cotton include gauze, muslin and Bemsheet. 
Because of the high adhesiveness and good hydrophilic property, cotton has been 
I used as a protective pad for the brain surface during surgery. It was first used in 
( cerebral aneurysm wrapping in the 1940_s (Jaeger 1950) and is still recommended by 
neurosurgeons in the microsurgical era (Sugita 1985; Ojemann 1988). Cotton fibres 
丨. •', 
j ^ e known to evoke an intense fibrous and granulomatous reaction which provides a 
prominent coat around the aneurysm within 1 to 2 months (Fox 1983). In an 
I experimental study applying Bemsheet to the intracranial arteries of dogs, the 
adhesiveness of Bemsheet to the arteries was favorable. Invasion and mild 
proliferation of collagen fibres, probably derived from the adventitia, began to appear 
in the space of the reticular structure of the cotton fibre within 1-2 weeks. After 1-2 
months, collagen fibres abundantly proliferated in the space supported by a lattice 
structure of cotton fibre, forming a strong reinforced wall. The cotton fibre itself 
remained unchanged giving almost no inflammatory reaction even after 6 months 
(Ebina 1984). Histological examination of human cerebral aneurysms months or years 
after being wrapped by cotton gauze showed that the wall of the aneurysms were very 
thick with mature collagen, only small lumens of the aneurysms were in continuity with 





I by cotton wrapping are favorable. In a 2 to 15 year follow up of 35 consecutive patients 
I with ruptured middle cerebral artery aneurysms treated by gauze, only 1 had early 
rebleeding in the post-operative period, none had late haemorrhage (Taylor and 
Choudhury 1977). In another review of 60 unclippable human cerebral aneurysms 
wrapped mainly with gauze with or without muscle, the early rebleeding rate (6 
months) was 8.6% which was significantly lower than the expected rate of 50%. The 
1.5% per annum late rebleeding rate was also lower than the expected rate of 3% per 
annum though statistically not significant (Todd 1989). It appears that wrapping the 
aneurysm with gauze may offer a degree of protection from rebleeding particularly 
during the first 6 months when the risk of rebleeding was very high. However, 1 of the 
3 cases of cerebral aneurysm reinforced by gauze was found to have been enlarged 
enormously 10 years later (Drake and vanderlinden 1967). One of the disadvantages 
of cotton is that it does not provide immediate protection during the high-risk period 
following the initial haemorrage (Selverstone 1977). A reinforced wall may be formed 
immediately by fixing the Bemsheet or muslin with t issue adhesive such as 
cyanoacrylate (Ebina et al 1984)，Selverstone's mixture (Mount and Antunes 1975). 
Fibrin glue is thought to be a better material for such a purpose because it is a 
i biological material (Sugita 1985). The other drawback of cotton wrapping is that the 
granulomatous reaction may lead to neurological symptoms and focal signs including 
,1 
headache, fever, seizures, cranial nerve palsies and enhancing mass lesion on CT 
j I scan (Chambi 1990，Haisa 1990，Lavin 1987, Marcus 1986). Although the incidence 
； ^ , 
of cotton-induced granuloma is low and the consequences nearly always self-limiting, 
I one of the 7 patients with this complication died with endocrinopathy (Chambi 1990). 
) 
I In view of this, some authors emphasized that wrapping an aneurysm with muslin or 
i 
I similar substance should be limited to genuine unclippable aneurysms. The cotton j 
i fibres must not be placed on cranial nerves in order to avoid arachnoiditis (Carney and 
Oatey 1983，Chambi 1990). In patients with progressive visual failure and a history of 
I il 
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丨 aneurysm operation using muslin in the region of the anterior visual pathways, 
j optochiasmatic arachnoiditis should be suspected in the absence of an obvious 
..！ 
alternative diagnosis (Lavin 1987). 
(3) SYNTHETIC TISSUE ADHESIVES 
Cyanoacrylate adhesives 
For the past several decades, cyanoacrylate adhesives have been used in the 
repair of vascular and dural defects, occlusion of carotid fistulae and arteriovenous 
malformation as well as reinforcement of cerebral aneurysms not amenable to surgical 
clipping ( Smith 1985, Hood 1982). The cyanoacrylate has many properties that favour 
its surgical use and, in particular, for aneurysmal reinforcement: (a) relatively low 
viscosity, which facil i tates delivery through a long, blunt-angled needle; (b) 
solidification under moisture leads to strong adherence with living tissue; (c) prompt 
setting time; (d) firm reinforcement of the tissue to which it is applied and (e) 
availability in sterile form (Handa 1984，Fox 1983). In spite of these, there has been a 
great constraint in the application of cyanoacrylate adhesives in cerebral aneurysm 
treatment during the last decade. The most important cause is that all of them have 
j histotoxicity, although the severity is different in different compounds of cyanoacrylate. 
1 
i For adhesives in direct contact with cerebral vessels and neural tissue，even minimal 
i 
cytotoxicity might result in neurological sequelae. The main cyanoacrylate compounds 
、： • i 
j used in surgery are methyl 2-cyanoacrylate ( Eastman 910 )，ethyl 2- cyanoacrylate ( 
Aran Alpha ) and butyl 2-cyanoacrylate including isobutyl 2-cyanoacrylate (IBC) and n-
I butyl-2-cyanoacrylate (NBC). Their histotoxity increases as the alkyi chain length 
j 
j decreases. The butyl cyanoacrylate appeared to be best tolerated by tissue (Bhaskar 
•j 
and Frisch 1968，Gottlob and Blumel 1967). It was considered that the histoxicity of 
methyl and ethyl cyanoacrylate far outweighed their advantage (Lehman and Hayes 
17 
1967). In fact, methyl 2-cyanoacrylate was therefore abandoned (Chou 1974，Handa 
i 1984, Fox 1983, Sachs 1966，Yodh and Wright 1967). Among the most consistent 
changes described in experimental application of methyl 2-cyanoacrylate were: (1) 
acute and chronic granulomatous inflammation and fibrosis in the meninges; (2) 
[ 
f various parenchymal abnormalities, including frank necrosis, inflammation, neuronal 
！j 
jl destruction, gliosis, and degeneration of axons and myelin; and (3) extensive damage f 
I to blood vessels, including adventitial and medial necrosis, thrombosis, aneurysmal 
II 
I dilatation, medial necrosis, and intimal proliferation. In addition, there are several 
clinical case reports describing adverse effects believed to be related to the use of 
丨 methy 2-cyanoacrylate in cerebral aneurysm reinforcement, including occlusion of the 
parent artery; aneurysm rebleeding with histological evidence of acute necrosis and 
1 
marked inflammation of the wall of the aneurysms; cerebral infarction in the 
distribution of the branches of the parent artery (Smith 1985). 
1 I 
一 ^ Early experimental studies indicate that ethyl cyanoacrylate had good 
bioadhesive properties with little or no tissue reaction (Chou 1974，Yodh and Wright 
1967). But subsequent study showed that there were acute and chronic 
granulomatous inf lammation of the meninges, cort ical necrosis, macrophage 
infiltrative gliosis, vessel obliteration, necrosis and haemorrhage, neuronal and axonal 
I 
I 
degeneration, cerebral infarction (Diaz 1978, Smith 1985, Zumpano 1982). Clinically, 
1 
visual impairment occurred in patients with ophthalmic artery aneurysm reinforced by 
the ethyl 2-cyanoacrylate (Chou 1977). On the other hand, if ethyl c y a n o a c _ e is 
applied alone, it has relatively poor adhesive property and it cracks and disappear 
with time (Ebina 1987). 
The n-butyl -2-cyanoacrylate (NBC) has been marketed as an adhesive for skin 
wound closure (Kosko 1981，Galil 1984). It has also been investigated and used in 
18 
vascular and nerve anastomosis (Gottlob and B lumeM 967，Gyurko 1974a, 1974b， 
Petrella 1975, Siedentop and Loeny 1979)，in intraocular operation for glueing of the 
detached retina (Faulborn and Wischel 1978) with good results. Study of wrapping the 
radial and peroneal nerves with NBC showed that there was granulomatous reaction 
which was milder than that of the methyl cyanoacrylate but more severe than that of 
the IBC (Lehman 1966). Long term study of NBC inside the rats subcutaneously and 
intramuscularily as well as intraperitoneally over a period of 1.5 to 2 years revealed no 
carcinogenicity (Heiss 1970). Also there is no report of tumour occurring in association 
with the NBC after its use in humans for nearly 20 years (B. Braun 1986). 
The isobutyl-2-cyanoacrylate (IBC) which is different from the NBC only in its 
branched alkyi chain was investigated initially as an adhesive for vascular 
reconstruction and later on it was employed as an embolizing agent because of its low 
viscosity, instant polymerization in contact with the blood and relatively low toxicity 
(Handa-1984). It is less toxic than NBC (Lehman 1966). Histological study of human 
cerebral arter iovenous malformat ion embol ized by IBG revealed only mild 
inflammatory change including foreign body giant cell reaction intraluminally and 
inflammatory infiltration perivascularly (Klara 1985). In the treatment of cerebral 
aneurysm, the IBC has been investigated mainly as an agent for internal occlusion 
with encouraging result (Zaetti and Sherman 1972，Derrun 1984，Kerber 1985). 
However, because of its potential carcinogenicity (Samson 1986)，its further use in the 
I human becomes greatly restricted. Ethicon, Inc. has withdrawn this product from the 
•1 
market (See also "Filling the aneurysm with cyanoacrylate", page 13). 
} 
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Though the cyanoacrylate adhesives had been one of the most widely used 
substance for aneurysm coating， it is generally not recommended for routine clinical 
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EDH adhesive (Biobond ) 
This plastic adhesive was introduced by Handa et al. as a coating material of 
cerebral aneurysm in 1960 (Handa 1984). It is a physico-chemical mixture of methyl 
cyanoacrylate, polyisocyanate and nitrile rubber. The main tissue binding agent is 
methyl 2-cyanoacrylate，but it is made more flexible and less toxic by the addition of 
the other two substances. The aneurysm to be coated must be dried. The adhesive 
becomes hard in 5 to 10 minutes after its application over the aneurysm. Using this 
technique in the cerebral aneurysm coating treatment, Handa et al. (1969) reported 
only 1 instance of recurrent haemorrhage among 42 cases of cerebral aneurysms. 
Good results with the use of Biobond have also been reported by others (Sugar and 
Tsuchiga 1964，Krayenbuhl 1964，Stowsad and Buhl 1975). Experimental study of 
applying various kinds of adhesives including methyl 2-cyanoacrylate, silicon rubber, 
Selverstone's mixture onto the cortex and blood vessels in animal showed that the 
Biobond had the least reaction (Tshchiya 1968, Handa 1969). But other studies 
suggested that the Biobond may not give long term reinforcement as it disappeared 3 
months after it was applied in the rabbits (Yodh and Wright 1967). In a report of 23 
patients with cerebral aneurysms treated by coating with Biobond and followed up for 
11 years, rebleeding occurred in 6 patients. All of the 6 aneurysms were coated with 
Biobond and 3 had undergone total coating. In this series, the risk of recurrent 
haemorrhage after complete coating with Biobond was 33% and there was no 
difference between the natural course of untreated aneurysms and the Biobond 
treated aneurysms (Minakawa 1987). Ebina et al (1984) reported a case of cerebral 
aneurysm treated by clipping. As the vascular wall was injured by the edge of a clip, 
muscle was used to wrap the whole aneurysm as well as its parent vessel and then 
fixed with Biobond. Post-operative angiography showed that the aneurysm had 
disappeared. 6 years later, the patient was found to have a recurrent aneurysm. On 
2 0 
reoperation, only a small remnant of Biobond and clips were found adherent to the 
fundus of the aneurysm. Stowsand and Buhl also found that there was evidence of 
slow disappearance of Biobond 1 year after wrapping (Stowsand and Buhl 1975). 
Vinylchloride-Vinylidenelchloride Copolymer (Selverstone's mixture) 
This compound was developed by Selverstone and Bonis in 1958 (Fox 1983). 
The technique of using this mixture is somewhat complex, which consists of drying the 
aneurysm with helmin air brush，then coating with a first layer of latex ( vinylchloride-
vinylidenedichloride copolymer) ，and finally coating with second layer of epoxy resin 
(epoxy polyamide) (Selverstone 1977). It appeared to adhere to the tissue intimately 
with effective reinforcement, with little tissue toxicity and reaction. Significant rise of 
bursting pressure was demonstrated in ruptured human cerebral aneurysms from 
autopsy materials coated with the mixture in vitro (Selverstone 1 9 6 2，1 9 6 3 ) . 
Selverstone reported a series of 200 aneurysms coated by this method with only one 
rableeding which had not been coated completely (Stelverstone 1977). But as with 
the other synthetic adhesives, the Selverstone's mixture was found to have histoxicity 
too. In a later experimental study of applying this compound on the rabbit's brain and 
vessels, severe arachnoid reaction with inflammatory cell in the subarachnoid space 
was found. In places, the pia matter was destroyed with inflammatory cells in the grey 
matter. Severe inflammatory changes also occurred in the artery with destruction of the 
adventitia. On the other hand, by 90 days after the application of the compound on the 
cortex, thickened arachnoid was the only residue (Tschiya 1968). 
•j 
(4) FIBRIN SEALANT ( TISSEEL ) 
Fibrin sealant has been widely used in haemostasis, wound closure, vascular 










I 1981, Wepner 1986，Rossitch and Wilkins 1990). In addition to experimental 
intravascular filling of aneurysms,it can also be used in aneurysm reinforcement. 
Wrapping the rat's femoral artery with muscle and fibrin sealant showed that there was 
close adherence of the muscle to the arterial wall with mild inflammatory reaction, but 
this coating disappeared within 7 days (Haase 1986). They also reported a case of 
giant and unclippable cerebral aneurysm which was treated by reinforcement with 
muscle and fibrin sealant. No signs of rebleeding were observed during 2 years 
follow up. Comparing with the cyanoacrylate as a coating substance for cerebral 
aneurysm treatment, the advantage of fibrin sealant is that it is physiological, nontoxic 
with no risk of carcinogenecity. On the other hand, it is weaker in mechanical strength 
than synthetic adhesives such as the cyanoacrylate. It is absorbed within 7 days ( 
Haase 1986). Fibrin sealant seems to be suitable substance in wrapping an 
aneurysm together with another substance which causes long term fibrosis such as 
cotton (Sugita 1985). Sugita drew an analogy between the cotton/fibrin in aneurysm 
r^nforeement and the steel rods/concrete in a building. However, a question to be 
answered is whether the fibrin sealant is strong enough to give the aneurysm effective 
protection against rupture during the early stage after the treatment. 
SUMMAFY 
Various treatment methods of cerebral aneurysm other than clipping have been 
reported experimentally and clinically. The treatment of choice nowadays is internal 
occlusion by endoavascular obliteration of the aneurysm from the circulation without 
craniotomy while the parent artery is preserved. However, the problems of distal 







unresolved. With improving endovascular catheter and balloon technology, these 
j 
complications will be reduced to an acceptable minimum, and endovascular treatment 
of distal cerebral arteries such as the anterior communicating artery are becoming 
technically possible. In clinical practice, methods of aneurysm treatment other than 
clipping are limited because some of them are still experimental such as the 
1 intravascular laser-fibroptic or electromegnetic field focusing probe induced 
i I 
•I 
丨 thrombosis. Others such as iron-acrylate megnetic stereotactic intrasaccular injection 
j requiring equipmental and technical skills not available to most neurosurgeons. For 
unclippable aneurysms of the ICA, carotid ligation or trapping with/without 
revascularisation, surgically or endovascularly are feasible alternatives. For many 
surgically accessible intracranial aneurysms that are found to be unclippable or 
incompletely clipped, reinforcement or direct injection are techniques readily 
available to all neurosurgeons. 
.。丨 
一 - Various kinds of substance for theraputic wrapping/coating and filling have been 
studied experimentally and clinically. Many of them have been abandoned, some of 
them are still used clinically or under investigation, yet none of them are ideal. For 
example, the cyanoacrylate being a good bioadhesive, easy to apply and 
polymerizsed quickly is toxic to the tissue; cotton or similar substance is easy to use, 
creating permanent fibrosis for effective reinforcement but this occurs only 2-3 weeks 
after the wrapping; fibrin sealant is nontoxic and a good bioadhesive but is absorbed 
I ^ 
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within a week or two. So far all the studies on the wrapping/coating and filling 
methods are concentrated on to their histological aspects and little attention has been 
i given to the physical strength of reinforcement / filling which may be a more important 
.丨 






EXPERIMENTAL ANEURYSM MODELS 
Naturally occurring saccular cerebral aneurysm is extremly rare in animals 
(Alksne 1980). For the purposes of investigating the etiology, pathology, physiology 
and treatment of human intracranial aneurysm, an experimetal aneurysm model is 
needed. An ideal aneurysm model is one that is induced by identical etiological 
factors that initiate aneurysm in man，and possesses physiological and pathological 
properties identical to that of human intracranial aneurysms，including the tendency of 
spontaneous rupture. To be a viable model，it should be one of reasonably high yield, 
of reasonable size, formed within a short period of time and accessible for laboratory 
use yet methodologically simple. 
Many techniques have been employed for the production of experimetal 
aneurysms. Substances such as nitrogen mustard and hypertonic saline have been 
injected directly into the arterial walls in dogs, including the common carotid artery 
(Handa 1961)，the mesenteric artery (Yamaguchi 1983), the aorta (McCune 1953) 
and portions of the circle of Willis (White 1961) producing mural necrosis and the 
formation of aneurysms. Small medial defects in cerebral vessels have been created 
intentionally in rabbit by simple carotid ligation (Hassler 1963) and accidentally in 
monkeys by intracranial internal carotid artery puncture (Roy 1970). In general the 
aneurysms formed by these methods are small (less than 1mm), of low yield and 
present difficulties in obtaining repeated exposure. They are therefore not suitable for 
microsurgical laboratory practice (Young and Yasargil 1982). 
2 4 
So far, the ideal aneurysm model fulfilling all the requirement listed above does 
not exist. However, some animal aneurysm models which are successful and practical 
in many ways have been reported and the following is a review of these methods. 
ANEURYSMS INITIATED BY INDUCED HYPERTESION AND VESSEL 
FRAGILITY 
Saccular cerebral aneurysms in rats can be induced by simulating etiological 
factors which initiate aneurysms in man (Hashimoto 1978). The method includes a 
combination of i) ligation of one common carotid artery to provide haemodynamic 
stress in the circle of Willis，ii) injection of deoxycorticosterone acetate (DOCA) and 
drinking NaCI solut ion to induce hypertent ion and iii) feeding with beta-
aminopropionitrile (BAPN) to create fragility of the vessel wall . Hypertension may be 
induced by bilateral ligation of the posterior branch of the renal artery instead of DOCA 
feeding (Nagata et al 1980). The yield of saccular aneurysms by induced 
hypertension was 30-70% within 3 to 4 months with about 30% spontaneous rupture 
(Handa et al 1983). The aneurysms are typically saccular in shape and occurring at 
the bifurcation of the arteries. This model has been reproduced in rats successfully by 
other authors (Suzuki 1980，Zhou 1985, Alvarez and Koda 1986). However, attempts 
at applying this model to dogs by Suzuki et al (1980) were unsuccessful. 8 of 10 dogs 
died within 3 weeks and no aneurysm was present. This indicates that this model may 
require an animal susceptability to the BAPN. On the other hand, Hashimoto reported 
3 cerebral aneurysms in 2 monkeys with the same method one year after the start of 
the experiment in 7 monkeys (Hashimoto 1987). Macroscopically and microscopically, 
the aneurysms produced by this method are identical to those of spontaneous lesion 
in man (Hashimoto 1979). 
25 
THE VEIN POUCH AND PATCH GRAFT ANEURYSM MODEL 
• • •{ • 
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丨 Creating aneurysms by grafting an external jugular vein pouch (a segment of the 
vein) onto a arteriostomy of the common carotid artery in dogs was well established ( 
German and Black 1954), and a mathematical relationship between the volume of an 
aneurysm and the size of its orifice to predict future patency was formulated (Black and 
German 1960). Subsequently, microsurgical techniques were applied to this method 
and a variety of aneurysms of different shapes including saccular and fusiform 
aneurysms were created in rabbits (Stehbens 1973) . Stehbens also used this model 
to study chronic changes in the aneurysms after the rabbits had been on stock diet 
(1981, 1981). O'Reilly et al 1981 found that for prolonged aneurysm patency in this 
method, elliptical arteriostomy was superior to linear incision. He also successfully 
relocated the vein pouch grafting aneurysms from the common carotid artery to the 
midline intracranial subarachnoid space in rabbits by a 2 stage procedure. He 
suggested that such a 2 stage relocating procedure was more appropriate than 
directly constructing a vein pouch aneurysm intracranially. As the vein pouch grafting 
can produced large aneurysms with angiographic and haemodynamic characteristics 
similar to human berry aneurysm, it has become the most popular aneurysm model for 
internal occlusion study such as filling with IBC (Znetti and Sherman 1972, Kerber 
1985); fibrin sealant (Moringlane 1987); thrombosis induced by electromagnetic field 
(Pat i l 1986) and laser (O'Reilly et al 1989). Disadvantages of this model are that it 
has a strong wall not prone to rupture and that the technique to produce it is difficult to 
be applied intracranially. 
A similar aneurysm model is created by vein patch graft in which a small piece of 
the wall of a vein is grafted onto an arteriostomy of the common carotid artery and the 
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carotid bifurcation of rats (Nishikama 1976). Within 7 days post-operatively, the 
丨 aneurysms reached their maximum size which was broad based, only about 2.6mm 
in length x 1.3mm in height of the carotid bifurcation group and 2.5mm in length 
x1.2mm in height of the common carotid artery group assessed by re-exploration. 
Spontaneous rupture occurred in 6 of the 112 aneurysms within 7 days. This 
technique has been applied to the basilar artery in dogs, with an overall aneurysm 
.i 
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yield of 38% and a mortality of 38%. No aneurysm bled. The high mortality was a result 
of brainstem infarction secondary to sacrifice of perforating vessels at the time of 
surgery (Nishikawa 1977). A modification of this method was made by Young and 
Yasargil in 1982. In their study, the vein patch graft was made on the right carotid 
artery of a rat while the left carotid artery was ligated with its distal end anastomosed to 
the right carotid artery proximal to the vein patch through a donor carotid artery from 
another rat. The aneurysms produced in this way seemed to be larger and 
multilobulated (aneurysm size 2.5-6.5mm measured in exploration 6-10 weeks post-
operatively). Most of the aneurysms were broad based and basically resembled the 
human intracranial aneurysm histologically. 
SELECTIVE MURAL EXCISION 
Several microsurgical methods were employed in the rat carotid artery to 
produce experimental aneurysms for the study of aneurysm treatment by clipping and 
coagulation (Young 1988). Selective media excision had the highest yield and 
greatest size of saccular aneurysm • There were 12 aneurysms out of 12 rats with the 
size of 3 mm in diameter measured during exploration 2-3 weeks following the 
surgery. Histo logical ly， these aneurysms were similar to the human cerebral 
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aneurysms. There was no spontaneous aneurysm rupture in the selective mural 
excision groups. 
LASER SEALED ARTERIOTOMY OR ARTERIOSTOMY ANEURYSM 
MODEL 
Recently , new saccular aneurysm models produced with the application of laser 
were reported . Aneurysms can be induced in the rat common carotid artery by 
welding an adventitia patch over an arteriostomy created by laser (Am mi rati 1986, 
1988a, 1988b). The aneurysm yield was 100% at one week and subsequently a 20% 
spontaneous aneurysm rupture around 4 to 7 days . The diameter of the aneurysms 
ranged from 2 to 4 mm • Histologically，the aneurysms were similar to the human 
spontaneous cerebral aneurysms . In the laser-sealed arteriotomy model (Quigley 
198€; 1987^; 1987b)，the arteriotomy was made by a knife on the common carotid 
artery of a rat. With the aid of two stay-sutures, the arteriotomy was sealed up with 
adventitia by laser • The aneurysm yield was 91% at two weeks after the procedure 
with an average size of 2.9mm. When this method was used in combination with 
hypertension, the yield was 100% with an average size of 3mm . There was no 
spontaneous aneurysm rupture . Histologically, this model was similar to the human 
spontaneous cerebral aneurysm. In addition，bursting pressure was measured in this 
model • The mean bursting pressure was at the region of lOOOmmHg . There was a 
tendency of increasing bursting pressure from 2 to 8 weeks . These aneurysms were 







At present, the aneurysm model induced by hypertension，carotid ligation and 
BAPN feeding is the one closest to the human cerebral aneurysm. Studies on its 
etiological, developmental and pathological aspects have been carried out.(Kojima 
I 
； 1986, Hazama 1986). However it would be difficult to perform the theraputic 
I 
I manipulation in a rat's cerebral aneurysm . This model on monky is not well 
i , 
I established, is expensive and not readily available for experiments. The venous pouch 
grafting aneurysm model can produce the largest size of aneurysm among all the 
other models and is popular in the investigation of theraputic manipulation such as 
internal occlusion of an aneurysm. It is not prone to rupture and bursting pressure 
j 
•i measurement on this model as a method to evaluate the protective effect of •j 
reinforcement or filling treatment is therefore not suitable. The selective mural excision 
method may be uspful in experimental aneurysm treatment but it is time-consuming if a 
large number of aneurysms are required. The model produced with application of 
laser is identical to the human cerebral aneurysm histologically, but as in other models 
produced by surgical means, etiologically it is traumatic and has a broad base 
sharing the same characteristics with the human traumatic cerebral aneurysm (Davis 
and Robertson 1985 )• On the other hand, it is easy to produce technically within a 
I short period and has a high yield. Being able to be created in an extracranial artery 
• such as the rat common carotid artery, it has the advantage of easy access for 
I theraputic manipulation. 
The development of a variant of this experimental aneurysm model suitable for 




A SUITABLE ANEURYSM MODEL FOR THE STUDY 
INTRODUCTION 
For the experimental reinforcement or filling treatment of an aneurysm, a 
saccular aneurysm model is needed. This model should be of one that is easy to 
produce with a high yield in a predictable site such as the rat carotid artery where it is 
readily accessible for therapeutic manipulation. It should also be of a reasonable size 
which is stable over a certain period of time and has a certain level of bursting 
pressure allowing quantitative comparison before and after therapeutic manipulation. 
For this purpose, the aneurysm model produced with the application of the laser 
would be suitable. In a pilot study, we used bipolar diathermy to seal the arteriostomy 
instead of laser • There were 3 saccular aneurysms formed out of 7 rats (Poon 1989). 
But when larger number entered the study, the result was unsatisfactory in terms of 
size. Then several alterations were made to improve the yield and size of the 
aneurysms. The final aneurysm model established in this study is by the method of 
adventitia patch fibrin sealant sealed arteriostomy in the rat common carotid artery, 
which has not been reported in the literature . 
All the evolving methods of experimental aneurysm towards the final method in 
this study will be presented and discussed in this chapter. 
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MATERIALS AND METHODS 
I 
GENERAL SCHEME 
All the rats were divided into three broad groups according to the different 
methods of aneurysm production: 
Part one: Screening of the methods 
I. Adventitia bipolar diathermy sealed arteriostomy 
Contralateral carotid ligation 
II a. Adventitia patch bipolar diathermy sealed arteriostomy 
Contralateral carotid ligation 
II b. Adventitia patch bipolar diathermy sealed arteriostomy 
No contralateral carotid ligation 
III a. Adventitia patch fibrin sealant sealed arteriostomy 
No contralateral carotid ligation 
Part two : Natural history of the adventitia patch fibrin sealant sealed 
arteriostomy aneurysm model. 
Ill b. 1 week 
III c. 2 week 
III d. 4 week 
III e. 6 week 
A total of 250 Sprague-Dawley rats were used in all the above groups. 
2 4 
In part one, four methods were used to find out the best method of aneurysm 
production. All animals had exploration of their neck wound 2 weeks post-operatively 
to determine the presence of aneurysm as well as the size. An aneurysm was present 
if saccular dilatation of the parent artery occurred equal to or more than 0.5mm and 
there was profuse arterial bleeding upon intentional puncture of the aneurysm fundus 
at surgery to ensure patency of the aneurysm with the parent artery. The size of the 
aneurysm was measured under the operating microscope by a caliper in terms of 
height，that is the distance from the fundus of the aneurysm to the junction between it 
and its parent artery (Figure 1，page115). The accuracy of the caliper is 0.02 mm. 
In part two, the adventitia patch fibrin sealant sealed arteriostomy model was 
produced in the same way as in group Ilia of part one. 
In groups lllb, c and d, angiography was carried out postoperatively at 1，2 and 4 
weeks respectively followed by exploration and bursting pressure measurement of 
both the aneurysms and the contralateral common carotid arteries. In group llle, a 
series of angiographies was carried out at 1,2,4 and 6 weeks postoperatively to 
assess their dynamic change fol lowed by exploration and bursting pressure 
measurement of both the aneurysms and the contralateral common carotid arteries . 
Criteria for the diagnosis as well as the size of an aneurysm in terms of height are the 
same as in part I but based on the angiographic films under a film-magnificator in 
addition to measurement at exploration before the testing of bursting pressure. If an 
saccular dilatation occurred equal to or greater than 0.5mm in height angiographically, 
intensional puncture of its fundus would not be made. If there was no aneurysm or just 
small bulge angiographically but a saccular dilatation equal to or greater than 0.5mm 
in height found at exploration, intentional puncture of its fundus would be carried out. 
In such a case, those with profuse arterial bleeding would be classified as an 
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aneurysm negative on angiography but positive at exploration (column 4，Table 3， 
page 106). 
For both part one and two, spontaneous aneurysm rupture was diagnosed by 
exploration or post-mortem examination with or without angiography. All the 
aneurysm bearing animal were finally sacrificed and aneurysms with their parent 
arteries were harvested and preserved in formalin solution for histological study 
Premature death will be investigated by post-motem examination. 
TECHNIQUE OF ANEURYSM PRODUCTION 
Female Sprague-Dawley rats 250-300 grams were anesthetised using 
intraperitoneal pentobarbital 50mg/kg by intraperitoneal injection. A ventral midline 
skin incision of 2cm was made in the neck. The right common carotid artery was 
exposed. Vertical to the operating table, a 6-8mm segment of common carotid artery 
was clamped using a vascular approximator. The clamp was then rotated 90° so as to 
turn the lateral wall of the vessel to the anterior aspect for aneurysm production. The 
purpose of this manoeuvre was to create aneurysm pointing laterally to facilitate its 
demonstrating by angiography. 
GROUP I ( adventitia bipolar diathermy sealed arteriostomy / 
contralateral carotid ligation ) (Figure 2，page 116) 
The adventitia of the common carotid artery was tripped off from the arterial wall 
for an area of about 1mm in diameter. An arteriostomy of 0.5 axially and 1mm 
longitudinally was made by scissors on the bare area of the arterial wall where the 
3 3 
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adventitia was stripped off. Through the arteriostomy, the artery was irrigated free of 
blood with normal saline.The str ipped adventit ia was then replaced over the 
arteriostomy. With low electric current, bipolar diathermy was applied to seal the 
arteriostomy with multiple points. The clamp was relieved followed by cotton pledget 
compression for five minutes for haemostasis. Patency was demonstrated by the 
method of Hayhurst and O'Brien (Nieuborgh, 1979). The right common carotid artery 
was used for aneurysm production， the left common carotid artery was exposed， 
doubly ligated and divided 
GROUP Ha ( Adventitia patch bipolar diathermy sealed arteriostomy / 
contralateral carotid ligation ) (Figure 3，page 117) 
一 • ^ - •‘ 
(1) A piece of adventitia about 4x4 mm was collected from the neck before 
exposure of the common carotid artery. (2) The arteriostomy was made by scissors 
without stripping the adventitia. (3) The arteriostomy was covered with the adventitia 
patch and sealed by the bipolar diathermy. 
i 
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GROUP lib ( Adventitia patch bipolar diathermy sealed arteriostomy / 
No contralateral carotid ligation) 
Group lib differed from Ma by having no contralateral carotid ligation. The 
contralateral carotid artery was only exposed without ligation. 
GROUP III a-e (Adventitia patch fibrin sealant sealed arteriostomy / no 
contralateral carotid ligation ) (Figure 4，page 118) 
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After the right common carotid artery was clamped, an arteriostomy of 0.5 axialiy 
and 1mm longitudinally was made by scissors. The artery was irrigated with normal 
saline. An adventitia patch of about 4x4mm collected previously from the neck was 
placed over the arteriostomy. Then the fibrin sealant was applied to coat the patched 
site until the adventitia patch and the parent artery was glued securely. 5 minutes 
after the procedure, the vascular clamp was removed gently and the patency of the 
parent artery was examined. 
TECHNIQUE OF ANGIOGRAPHY 
The method has been described by our collaborator (Kreel 1973). The rat was 
anesthetised by intraperitoneal pentobarbital and placed on an x-ray examination 
table in supine position with a movable film cassette along a tunnel under its back. The 
distance between the x-ray source and the table was 62cm，between the carotid artery 
of the rat and film was 1 cm . The magnification of object in the radiograph was 
therefore negligible • The contrast medium was urografin ( Conray，60% solution，1.5 
ml / rat ) . After a percutaneous cardiac puncture at the apical region using a 23 
gauge "butterfly" needle, contrast medium was injected and three exposures were 
made immediately at half -second intervals. 
BURSTING PRESSURE MEASUREMENT (Figure 5，page 119，120) 
Under intraperitoneal pentobarbital anesthesia, the neck was explored and the 
entire common carotid artery of the rat was dissected free. At the bifurcation of the 
internal and external carotid arteries, the common carotid artery was ligated and 
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cannulated with a blunted, 21 gauge needle secured by a silk ligature. The female end 
of the needle was attached to a perfusion pump in paralleled with a U shape mercury 
manometer capable of measuring a pressure of up to 1500mmHg. After the artery and 
aneurysm was irrigated by and filled with normal saline，the proximal end of the 
common carotid artery was ligated too and a close system was established. Then 
normal saline was infused at 99ml / hour until the aneurysm rupture or the pressure 
reaching 1500mmHg. If bursting of the aneurysm occurred, the pressure shown in the 
glass tube would descend abruptly. The bursting pressure is defined as the peak 
pressure recorded in the mercury column when the aneurysm ruptures and the 
mercury column starts falling. 
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RESULTS 
GROUP I ( Adventitia bipolar diathermy sealed arteriostomy / Contralateral 
carotid ligation) 
50 rats were operated on，1 died intraoperatively from haemorrhage，4 died 
soon after the operation due to respiratory complications. 45 rats animals had 
exploration at 2 weeks. There were 14 aneurysms with a mean height of 0.9 土 0.2 mm 
(standard deviation )• 
GROUP Ha (Adventitia patch bipolar diathermy sealed arteriostomy / 
Contralateral carotid ligation) 
45 rats were operated on . 1 died of intraoperation haemorrhage and 3 died 
postoperatively due to respiratory complications. There were 30 aneurysms at 
exploration among the remaining 41 rats at 2 weeks with a mean height of 1.4 土0.4 
mm (standard deviation). 
GROUP lib (Adventitia patch bipolar diathermy sealed arteriostomy / No 
contralateral carotid ligation) 
20 rats were operated on . There were 16 aneurysms at exploration at 2 weeks 
with a mean height of 1.5 土 0.5 mm (standard deviation). 
GROUP Ilia ( Adventitia patch fibrin sealant sealed arteriostomy / No 
contralateral carotid ligation) 
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20 rats were operated on. There were 18 aneurysms at exploration at 2 weeks 
： with a mean height of 1.8 ±0.6 mm (standard deviation). 
j 
YIELD AND SIZE OF ANEURYSMS IN PART ONE 
The yield and size of aneurysms in part one were summarised in table 1 (page 
104). The yield rose from 31% of group I to 80-90% of group lib and Ilia. The height 
also increased from 0.9mm of group I to 1.8mm of Ilia. Groups which were only 
different in one factor methodologically were analysed statistically for both their 
aneurysm yield and height, for instance, group I and lia (with and without patch ); lla 
and lib (with and without contralateral carotid ligation); lib and Ilia (diathermy or fibrin 
sealant). In other words, a harvested adventitia graft over the arteriostomy improved 
aneurysm yield from 31% to 73% ( p < 0.001 )• The combination of an adventitia graft 
and fibrin sealant rather than bipolar diathermy increased the size of aneurysm from 
1.5 土0.5mm to 1.8土0.6mm(p < 0.05 )• 
GROUP nib ( Adventitia patch fibrin sealant sealed arteriostomy / No 
contralateral carotid ligation, bursting pressure at 1 week) 
A total of 20 rats were operated on at one sitting. 1 rat died on day 6 due to 
unknown causes ( most of the soft tissue of its neck was bitten away by other rats in the 
same cage ). 2 rats on day 4 and 1 on day 6 died of spontaneous aneurysm rupture 
respectively. The sacs of these 3 aneurysms on post-mortem examination were 5，5 
and 6mm in height respectively. 16 rats had angiography with one failure on day 7. 11 
were shown to have aneurysms , 4 not. After the angiography，4 rats died before 
recovery from anaesthesia including 2 with aneurysms, 1 without and 1 failed 
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angiography. Post-mortem examination of the 3 rats confirmed the angiographic 
；•： findings, the one with failed angiography was found aneurysm positive. All the 
remaining 12 rats were explored. Results of the exploration were consistent with the 
angiographic findings except that the 3 rats with small bulges (0.3, 0.4 and 0.4mm) 
angiographically were found to have aneurysms of 0.5, 0.6 and 0.6 mm in height. The 
remaining 9 rats with aneurysms angiographically and their contralateral common 
carotid arteries had bursting pressure measurement. The mean height of these 9 
aneurysms were 1.6土 1.1 mm angiographically and 2.2+1.3 mm by exploration . The 
median bursting pressure was 480mmHg (ranged 360-620mmHg). None of the 
contralateral common carotid artery burst at 1500 mmHg. 
GROUP I lie ( Adventitia patch fibrin sealant sealed arteriostomy / No 
contralateral carotid ligation, bursting pressure at 2 weeks) 
A total of 18 rats were operated on. 1 died soon after the operation due to 
premature detachment of the fascia patch • 3 died of respiratory complication within 24 
hours. 1 died of spontaneous aneurysm rupture on day 7 with an aneurysm sac of 
17mm in height at post-mortem examination. 13 rats had angiography on day 14 with 
3 failure. 7 animals were shown to have and 3 not. After the angiography, 1 rat with 
aneurysm died before recovery from anaesthesia and the aneurysm was confirmed by 
postmortem examination. All the remaining 12 rats had their neck wounds exploration. 
1 rat with small bulge angiographically was found to have aneurysms of 0.7 mm in 
height. Results of other rats were consistent with the angiographic findings. The mean 
height of the 6 aneurysms was 1.9(±1.2)mm angiographcally and 2.5(土 1.4)mm by 
exploration. The bursting pressure of these 6 aneurysms at day 14 ranged from 680 to 
990mmHg with a median of 865 mmHg • None of the contralateral carotid artery burst 





GROUP Hid ( Adventitia patch fibrin sealant sealed arteriostomy / No 
contralateral carotid ligation，bursting pressure at 4 weeks) 
A total of 20 rats were operated on. 1 died on day 1 due to an unknown cause ( 
most of the neck soft tissue were bitten away )• 5 rats died of spontaneous aneurysm 
rupture at day 5, 7, 10 , 13 and 15 respectively • 3 of the aneurysm sacs was 7，10 and 
8mm in height respectively, the other 2 were difficult to measure because of post-
mortem destruction. 14 rats had angiography on day 26 . 9 animals had aneurysms 
and 5 did not. 1 rat with aneurysm died after angiography before recovery from 
anesthesia and this aneurysm was confirmed at postmortem examination.. On day 28， 
all the remaining 13 rats had exploration of their neck. 2 of the 3 rats with small bulges 
angiographically were found to have aneurysms of 0.6 and 0.8 mm respectively in 
height at exploration. Other results were consistent with the angiographic findings. The 
mean height of the remaining 8 aneurysms was 1.3土0.5mm angiographically and 
1.8土0.6mm by exploration. On bursting pressure measurement, 2 of the 8 bursted at 
1380 and 1400 mmHg respectively，the other 6 and all the contralateral carotid artery 
did not burst at 1500 mmHg . 
GROUP llle (Adventitia patch fibrin sealant sealed arteriostomy / No 
contralateral carotid ligation，angiography at 1,2,4 and 6 weeks, bursting 
pressure at 6 weeks) (Table 2，page 105) 
57 animals entered this group, four died soon after the operation from 
respiratory complications, one died on day 6，and three on day 7 from spontaneous 
aneurysm rupture (with internal height of the sacs 6,7,9, and 9mm respectively at 




spontaneously after 1 week (with internal height of the sac 11 mm in one and unknown 
the other two because of post-mortem destruction). At the end of the 6th week, 26 
I: 
animals had angiography: 22 had successful serial angiographies at week 1,2,4 and 
6; one at week 6; two at week 1 and 6; one at week 1，2，and 4. There was a total of 23 
postangiographic death. 
16 aneurysms were followed successfully by the serial angiography except one 
rat failed once. The size of the aneurysms as measured by serial angiography 
remained unchanged (1.6土0.9mm). 
Bursting pressure measurement was carried out in all these 16 aneurysms with 
one failure due to intraoperative rupture: five burst at the pressure of 1 3 0 0，1 3 8 0 , 
1450, 1 4 7 0，1 4 8 0 m m H g and ten did not burst at 1500mmHg (i.e. 
median>1500mmHg). Contralateral carotid artery did not burst at 1500mmHg. 
ANEURYSM YIELD OF PART TWO 
Aneurysm yield of group lllb，c and d in part two were summarised (table 3，page 
106). In group mb，c and d, a total of 54 rats were operated on. 6 rats died in the early 
postoperative period, and 4 had failed angiography. In the remaining 48 rats, there 
were 27 rats found to have an aneurysm angiographically (56%), 9 had spontaneous 
aneurysm rupture (19%). 12 rats showed no aneurysm on angiography (25%). Among 
them, 6 had small bulges ranging from about 0.2 to 0.4mm in height. At exploration, 
these 6 rats were found to have small aneurysms ranging from 0.5 to 0.8mm in height. 
The total aneurysm yield was 42/43 (88%). 
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RESULTS OF ANGIOGRAPHY 
In group III out of a total of 183 attempts of angiography, 169(92%) were carried 
out successfully with 14(8%) failure. 25(15%) rats died after the angiography before 
recovery from the anesthesia (table 4 page 107). The commonest cause of failed 
angiography was due to injection of the contrast medium into the right heart . Death 
before recovery from anaesthesia was mainly due to complications of cardiac puncture 
such as haemoper ica rd ium，haemothorax or pulmonary haemorrhage and 
respiratory complications associated with anaesthesia . 
All the aneurysms shown on angiography were saccular in shape. The majority 
of them were shown from the lateral view to their necks which were broad or medium 
based. In a few of them, the view were oblique or vertical to the necks, but the body of 
the aneurysms could still be seen clearly. The mean height of aneurysms which had 
finally had the bursting pressure measured were 1.6土 1.1 mm of group lllb，1.9土 1.2mm 
of group lllc，1.3土0.5mm of group ll ld and 1.6±0.8mm of group llle. No significant 
difference was observed between the heights of these groups (P>0.6) (tables, page 
108). 
ANEURYSM HEIGHT AT EXPLORATION 
The height of aneurysms as measured at exploration was always greater that 
measured at angiography (table 5，page 108). The mean height of aneurysms which 
had finally had the bursting pressure measured were 2.2+1.3mm of group ll lb, 
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I 2.5土 1.4mm of group lllc, 1.8土0.6mm of group Mid and 2.2土 1mm of group llle. No 
significant difference was observed between the heights of these groups (P>0.7). 
The mean difference between aneurysm height obtained from angiography and 
exploration ranged from 0.53 to 0.63mm. The difference was highly significant 
(P<0.0001) 
DIFFERENCE BETWEEN THE SIZE OF ANEURYSMS RUPTURED 
SPONTANEOUSLY AND NOT RUPTURED SPONTANEOUSLY 
The 12 aneurysms that ruptured spontaneously in group III b，c，d and e were 
significant bigger than the 38 aneurysm in the same groups that did not bleed 
spontaneously ( 8.6 ±_3.5mm vs 2.2 土 0.9 mm, p < 0.001，table 7，page 110) 
RESULTS OF BURSTING PRESSURE 
The median bursting pressure is 480mmHg at 1 week of group lllb, 865mmHg at 
2 weeks of group lllc, above 1500mmHg at 4 and 6 weeks of group ll ld and llle. (table 
5，page 108) . At 1 to 4 weeks，most of them burst at the body and the dome, but at 6 




Macroscopically , all the aneurysms were saccular and relatively broad based. 
In group I，the size was generally small and just met the criteria for the presence of an 
aneurysms . Some of the aneurysms were irregular in shape at the neck portion . Most 
of them were dome shaped . While in group II，the shape and size were generally 
better than group I (figure 6A,B, page 121). 
In group I丨丨，the aneurysms were more typical of saccular shape (figure 6C, 
page121). On exploration at the end of first week，there were dense fibrosis around 
the aneurysms • A layer of fibrin sealant remnant was present in a close relationship 
between the surrounding tissue and the aneurysm wall without a clear demarcation. 
The wall of the aneurysms was fragile and prone to rupture. Dissection of the 
aneurysm at this time was very difficult especially when effort was made to distinguish 
the aneurysm wall from the surrounding fibrin sealant remnant and the fibrous tissue. 
At the end of the second week, the fibrin sealant layer became thinner and less 
adherent. At the end of fourth and sixth week, the fibrin sealant had disappeared . The 
wall of the aneurysm became tough and could be easily dissected free. 
All the specimen collected were prepared in H&E and elastic fibre stain. 
Microscopically, histology of specimens from animals died immediately after the 
operation in group III (adventitia patch fibrin sealant sealed arteriostomy) due to 
respiratory complications showed that there was a defect of the whole layer of the 
arterial wall with extravasation of blood. The extravasated blood and the artery were 
surrounded by the adventitia patch which was coated by the homogeneous palely 
eosinophilic fibrin sealant . 
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Histology of specimens from group lllb (1 week after the operation) as well as 
aneurysms ruptured spontaneously at day 7 showed that the wall of some aneurysms 
composed of reticular connective tissue only devoid of elastic and media (Fig.9, page 
124). In the others, collagen fibres were seen but they are quite cellular and not well 
organized (Fig.10，page 125，126). Specimen of group lllc, l l ld and lile (2，4 and 6 
weeks after the operation respectively) all showed similar picture. The wall of the 
aneurysm sac was composed of mature, dense, weH-organized collagen which was 
much less cellular than that of the group lllb. Smooth muscle fibres were absent 
(Fig.11, page 127). A layer of endothelial cell began to appear at the entrance of the 
aneurysm at 1 weeks (Fig. 10D, page 126). While at 4 and 6 weeks, the whole sac 
was covered internally by the endothelial layer(Fig. 11C, page 127). 
The histology of specimen of all the groups shared the features similar to but, for 
obvious reason, not identical to spontaneous cerebral aneurysms in man. The 
aneurysm sac was formed by fibrous tissue，no organized muscle layer was present. 
The lumen of the aneurysm was in continuity with that of the parent vessel. The muscle 






The application of bipolar diathermy in sealing the arteriostomy in group I and II 
is associated with two major problems. One is unreliable sealing causing difficulty in 
haemostasis during the operation resulting in long operating time . The other is tissue 
shrinkage causing contraction of the adventitia of the parent artery leading to its 
narrowing which may prevent the aneurysm formation . 
When adventitia patch is used for sealing of the arteriostomy, it provides a 
generous and slack covering over the arteriostomy. Compared with sealing by the 
adventitia of the parent artery itself, the patch has more room for expansion and less 
resistance to the blood flow; also points of sealing by diathermy can be made away 
from the site of arteriostomy thus contraction of the parent artery is minimized . Both 
of these factors may contribute to the improved result in terms of aneurysm yield and 
size from group I to group II ( table 1，page 104) T h e yield and height rose 
significantly from 31% and 0.9mm in group I to 73% and 1.4mm respectively in 
group lla. 
One of the advantages of fibrin sealant is that of no tissue shrinkage which may 
contribute to the significant large size of aneurysms in group Ilia (table 1, page 104). 
The other advantage is better haemostatic security which makes the operation simple 
and quick. In group I and 丨丨，the operating time for each rat took 40-50 minutes 
because of repeated sealing with the diathermy and compression of the patched site . 








I An important factor for the formation of cerebral aneurysm is increased 
I haemodynamic stress. In human anterior communicating artery (ACA) aneurysms, 
• J 
inequality of the proximal segments of the ACA has commonly been found (Wilson 
1954, Waga 1978). In cases of arteriovenous malformations, aneurysms have 
frequently been found in major feeding vessels (Perret and Nishioka, 1966). The role 
of haemodynamic stress in the Circle of Willis to formation of aneurysm has been well 
demonstrated (Hashimoto 1980). In their study, comparison of aneurysm formation 
was made between hypertensive rats with or without carotid ligation. There were 9 
ACoA aneurysms and 4 aneurysms of the posterior half of the Circle of Willis in a 
group of 22 rats with unilateral carotid ligation. There were 8 aneurysms which 
occurred in the posterior half of the Circil of Willis in another group of 23 rats with 
bilateral carotid ligation, while in the group of 23 rats without ligation, there was no 
aneurysm at all. 
In the present study, increased haemodynamic stress simulated by contralateral 
did not affect aneurysm yield and size ( group 丨丨 a vs lib ) • This suggests that 
haemodynamic stress is probably not an important etiological factor in this aneurysm 
model which is in the carotid artery . 
It is necessary to have a certain size of the lumen of an aneurysm if experimental 
therapeutic manipulation is to be carried out especially with the filling method . To 
judge the presence of aneurysm externally by exploration may not satisfy this 
requirement as some of them may have blocked lumens by thrombosis . Although 
profuse arterial bleeding upon intentional nicking of the aneurysm fundus at surgery 
may demonstrate that the aneurysm is at least partially patent (Ammirati et al 1986)，it 
is not practical in this study to do so because an intact aneurysm is essential for the 








The best way to demonstrate the size and shape of a patent aneurysm is by 
angiography . Several methods of angiography have been used for the carotid -
cerebral circulation including catheterization of the aorta (Robertson and Robertson 
1978), retrograde brachial arteriography (Ikedak 1978)，carotid angiography (Nagata 
1980)，and direct cardiac puncture (Kreel 1973). Arterial examination of small 
animals is difficult . This should combine absolute safety, ready repeatability with 
excellent visualization of the small arteries，preferably using simple radiographic 
equipment (Kreel 1973). Although some of the direct arterial catheterization or 
cannulation is repeatable, it is time -consuming . In this study，direct cardiac puncture 
was used with a successful rate of 92% (table 4, page 107). Although there was a 8% 
failure rate and a mortality of 14% ( including death from complications of anesthesia) 
for the angiography，this was the method of choice in this study as a large number of 
rats required serial angiography. 
It has been observed in this study that the height of the aneurysms demonstrated 
by angiography is usually 0.5 to 1 mm smaller than that measured during exploration • 
This may be due to the thickness of the aneurysmal wall, partial thrombosis or tilting of 
the longitudinal axis of the aneurysm to the plain of the film • 
The conventional method of documenting the size of a saccular aneurysm is its 
greatest diameter. However，in some aneurysms of the early group of this study such 
as in the group I , their neck portion is wider than their body . In such a case, it would 
cause confusion if ” greatest diameter •丨 was applied for their size • ” The height of an 
aneurysm ” was used in this study. In fact, most of the aneurysms of the later groups 
have a greatest diameter equal to or a little greater than their height . In view of this 
difference between the height and greatest diameter of an aneurysm， the size of the 
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aneurysm in group Hi of the study should be similar to that of laser - sealed arteriotomy 
: aneurysm model which has a average greatest diameter of 3mm (Ammirati et al 1986， 
i 1988, Quigley et al 1987a，1987b). 
；-j 
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The mechanism of the rupture of the aneurysm in man is complicated by factors 
including haemodynamic stress， turbulence, pulsatile f low， intramura l pressure, 
aneurysmal elasiticity and size，and extramural factors (Sekhar et al 1981) . In reality, 
it is difficult to directly assess the tendency of an aneurysm to rupture under the 
influence of these multiple factors .The bursting pressure is an indirect technique to 
approach the tendency of an aneurysm to rupture by determining its strength under a 
static intraluminal pressure. 
Bursting pressure was first used to determine the physical properties of blood 
vessels in 1885 by Grehunt and Quinguaul in blood vessels of dogs and men. The 
results showed that the bursting pressure of normal arteries were 25-26 times the 
normal physiological pressure sustained by such vessels. This method has become 
one of the most popular in determination of the strength of vessel anastomosis and 
graft ( Sako et al 1949，Lauritzen and Bagge 1979, Kolb et al 1979，Von Smitten et al 
1981，Quigley et al 1985，Ruiz - Razure et al 1988，Wang et al 1988，Flemming et al 
1990 )• The first and only reported animal aneurysm model studied with bursting 
pressure was by Quigley et al. in 1987. • ^ 
The bursting pressure has the advantage of being able to test the strength of the 
vessel resisting the intraluminal tension longitudinally as well as circumferencially. It is 
quantitative and reproducible. Several factors contribute to the variations of bursting 
pressure in the studies of vessel anastomosis (Flemming et al 1990 ) including : (1) 
Variation of distension rates, particularly with manual distension • (2) Variation in 
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vessel diameter and length. (3) Damage done to the vessel during dissection and /or 
differences in the amount of tissue removed around the anastomosis. (4) Variation in 
the physical properties of the vessels. In fact，effects on the variation of bursting 
pressure by the first and second factors are very small unless there are appreciable 
difference in the size of the vessel and in the distension rates. ( Flemming et al 1990). 
Compared with result of bursting pressure of experimental aneurysms by Quigley 
et al (1987)， in which the greatest variation within a group of aneurysm was only 
1115土58.3 mmHg，the variation of bursting pressure in group Nib and c of the present 
study is relatively wide ( Group lllb: 360 to 620mmHg, median 480mmHg; Group lllc: 
680 to 990mmHg, median 865mmHg, table 5, page 108). As there are no great 
differences in the distension rate and vessel size, factors leading to such a variation of 
bursting pressure probably arise from the dissection of the aneurysms and their 
physical properties. It is very difficult to have a strict and clear criteria to determine the 
exact extent of free dissection of the aneurysms especially during the first week when 
the fibrin sealant has not been completely absorbed and the aneurysm wall is very 
fragile. To avoid variation in the manipulation of dissecting the aneurysm one may test 
the bursting pressure of the aneurysm without having it dissecting free, in that the only 
minimal dissection required to the parent artery is for insertion of the canula in one 
end and tying off the other end ( Flemming et al 1990) . Instead of a typical step 
pattern associated with a true bursting in dissecting free method，a plateau pattern 
may occur in the nondissecting free method，when a burst does not occur but saline 
dissects into surrounding tissue ( Quigley et al 1985). 
When the curve of distensile pressure is recorded by a machine such as the 
paper chart recorder， this plateau pattern change will be easily found. But in the 
present study, the bursting pressure is judged by observing the sudden fall of mercury 
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inside a glass tube associated with the spurting of saline from the aneurysm. In such a 
way , the plateau pattern can be easily missed. For this reason, the bursting pressure 
was measured with aneurysm dissecting free in the present study. 
There is also the possibility that the wide variation of bursting pressure in group 
lllb，c of this study is a reflection of the physical properties of the aneurysms as the 
aneurysm models in this a study and in Quigley's study are produced by different 
methods and they may not be comparable. 
In the laser-sealed arteriotomy animal model by Quigly et al (1987)，the mean 
pressure is 1000 mmHg at 2 weeks and 1115mmHg at 8 weeks. The median bursting 
pressure rather than the mean is chosen in this study because of its wide range, which 
is 480mmhg at 1 week and 865mmhg at 2 weeks，then rises considerably to around 
and above 1500 at 4 and 6 weeks. The reason for the rising curve of bursting pressure 
from one to 6 weeks is unknown but it seems to be consistent with its histological 
change suggestive of maturition of the fibrous tissue with time. 
Although the size and shape is stable from 1 to 6 weeks angiographically, 
pathologically the aneurysm wall was very fragile and prone to rupture when 
explored at 1 week，while at 4 to 6 week , the aneurysm wall became tough and the 
dissecting can be easily carried out with little chance of rupturing it. Aneurysms walls 
at 1 week were very cellular with little collagen fibre. Later on, the aneurysm walls of 
specimens collected at 2，4 and 6 week composed of fibrous tissue which appeared 
more mature than those at 1 week and were less cellular. In fact among the 9 
spontaneous ruptured aneurysms of group lllb-d，8 of them ruptured within 2 weeks, 
only one at day 15. The rupture rate was 14% in the first week, 5% in the second week 
and 2% after 2 weeks (table 8，page 111). This phenomenon is not dissimilar to the 
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human situation where the highest risk of rebleed fol lowing an aneurysmal 
subarachnoid haemorrhage is the first 48 hours which eventually reduces to 3% per 
annum (Sekhar and Heros 1981). There is the possibility that a similar mechanism is 
responsible for the gradual reduction in the risk of aneurysm rupture in the model and 
in the human situation as recurrent aneurysm haemorrhage in the human always 
appeared to occur through the original rupture sites (Crompton 1966) where the 
processes of tissue repair by thrombosis and fibrosis were taking place. 
It has been observed clinically that large aneurysms are more prone to rupture ( 
Sekhar 1981, Inagawa and Hirano 1990 ). In the present study，the size of each group 
and the variation of aneurysm size are small and comparison of the bursting pressure 
between different size of aneurysms can only be made in group ll lb (table 6，page 
109). There is no significant difference of bursting pressure between small ( < 1.25mm 
) a n d bigger ( > 1.25 ) aneurysms. However the numbers (3 vs 6 ) are too small to 
make a valid statement. This may also be due to the relatively minor variation in 
aneurysm size. Even in the whole series of this study, the height of aneurysms only 
varies from 0.5 to 4.5 mm and most of them are around 2 mm. It is also possible that 
bursting pressure is not a reliable indication of the susceptibility to rupture • However， 
the spontaneous rupture of aneurysms of this series do have a greater size than 
those did not rupture spontaneously ( 8.6 土 3.5mm vs 2.2 土 0.9，p< 0.001,table 7，page 
110). This is consistent with the clinical observation. 
Histologically, aneurysms produced in the present study including group I to III 
all shared basic phenomenon with the human spontaneous cerebral aneurysms . The 
aneurysm sac was formed by fibrous tissue，no organized muscle layer was present. 
The lumen of the aneurysm was in continuity with that of the parent vessel . The 
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muscle layer and the internal elastic lamina banded out and ended abruptly at the 
neck of the aneurysm. 
•» 
Factors involving the occurrence and growth of spontaneous saccular cerebral 
aneurysm in man are multiple and complicated，but basically there are two aspects， 
one is haemodynamic factors and the other is weakened arterial wall where absence 
or considerable weakening of both the internal elastic lamina and the muscular media 
is considered to be necessary for the formation of an aneurysm (Sekhar et al 1981). 
Incomplete rupture of the arterial wall by trauma may also result in the development of 
true aneurysm as defined histoloigically (Davis and Robertson 1985, Ramane Reddy 
and Sundt 1981，Benoit and Wortzman 1985). In experimental aneurysms produced 
by surgery，methods such as the vein patch graft, the selective mural excision, 
methods with the application of laser and methods used in group I to III of the present 
study，are all involved in producing a total interruption of the arterial wall and followed 
by sealing up. Although the ways to interrupt the arterial wall and the ways and 
materials to seal it up are different，it is interesting to find that histologically all these 
experimental aneurysms are similar not only to each other but also similar to the 
human cerebral aneurysm (Young and Yasargil 1982, Young et al 1987，Quigley et al 
1987，Am mi rati et al 1988). This result suggests that no matter the defect of the elastic 
lamina and the muscular media result from tearing in traumatic even, from thermal 
factor，incision or excision as in experiment, as far as the defect in the arterial wall is 
closed and the bleeding stopped, the arterial wall may finally undergo a similar 
process of repair and healing under the influence of haemodynamic factors. These 
processes mainly involve growing of conective fibrous tissue and regrowth of the 
endothelial intima over the defective arterial wall，and the final histological picture will 
be basically identical to that of naturally occurred intracranial aneurysms. In view of 






means (except the vein pouch graft model), more consideration should be taken 
i about the shape，size, simplicity of the method and the physiological properties of the 
model other than their histological picture. 
； One of the drawbacks of this model is that most of the aneurysms are broad 
.1 
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based. A broad based aneurysm model is not ideal for the investigation of internal 
filing treatment because risk of blockage of the parent artery by reflux of the filled 
substance through the wide neck of the aneurysmal sac. Broad base is a common 
feature among aneurysm models produced by surgical means (except the venous 
pouch grafting model) and traumatic aneurysms which are usually located at a 
nonbranching point of the artery. While a typical human spontaneous intracranial 
aneurysm usually has a narrow neck and is located at the bifurcation of an artery. It is 
possible that the difference of shape associated with a different location between the 
two kinds of aneurysms may be a reflection of the haemodynamic difference between 
the branching and nonbranching points of an artery. In the aneurysm at branching 
point, the direction of blood flow is pointing directly toward the aneurysm sac thus a 
narrow neck is sufficient for the blood flow to make the sac expand and keep it patent. 
But in the aneurysm of nonbranching point, the long axis of the aneurysm is at a right 
angle to the direction of the blood flow. Obviously a wide mouth of the aneurysm is 
needed for the blood flow to enter the sac, making it enlarge and keeping it patent. 
German and Black (1960) have formulated a mathematical relationship between the 
volume of an aneurysm and the size of the orifice to predict future patency of the vein 
pouch grafting aneurysm model in the carotid artery of a dog. In view of this，further 
study is worthwhile to apply this aneurysm model at the bifurcation of an artery to see 
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i For the adventitia patch fibrin sealant sealed arteriostomy aneurysm model in the 
rat's carotid artery in the present study, the method is simple, produces sufficient size 
of aneurysms accessible for use in the experimental laboratory. A variety of 
I •• 
• 1 I microsurgical manipulations for the obliteration of aneurysms such as clipping, internal [ 
occlusion or reinforcement can also be rehearsed using this model before they are 
applied clinically. It is possible to apply this model to the intracranial circulation in a 
bigger animal model such as the rabbit or dog. As it has a certain degree of 
spontaneous rupture, a new model of spontaneous subarachnoid haemorrhage may 
j thus be established. Because the meticulous dissection and isolation of the 
aneurysms in this study is similar to that encountered clinically in that small vessels 
and nerves along the carotid artery as well as dense fibrosis adhere to the aneurysm 
and in that the aneurysm may rupture resulting in brisk bleeding, this aneurysm model 
may also be used in the microsurgical aneurysm dissecting training. 
j 
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: A rudimentary new saccular aneurysm model in the carotid artery of rats by 
fascia patch fibrin sealant sealed arteriostomy has been established. It is technically 
i simple to do and has a mean height ranging from 1.3+0.5-1.9土 1.2mm intraluminally as 
shown in angiography • 21% of the aneurysms ruptured spontaneously. Histologically 
it is similar to the spontaneously occurring cerebral aneurysm in man . Its bursting 
pressure at 1，2，4 and 6 weeks has been documented. There is a steady rise in 
bursting pressure from 1 to 6 weeks which is probably the result of maturing fibrous 
tissue of the aneurysmal sac. These experimental aneurysms，with a median bursting 
pressure at 1 - 2 weeks of 480 and 865mmHg respectively，are therefore suitable for 
theraputic manipulation where comparison of bursting pressure before and after the 
theurapy is required. The main shortcoming of this model is that it is broad based. This 
may be a reflection of the haemodynamic of an aneurysm located along the trunk of 
the artery. Further study is required to apply this method in the fork of an artery such 




REINFORCEMENT AND FILLING TREATMENT 
IN EXPERIMENTAL ANEURYSMS 
INTRODUCTION 
The aim of reinforcement or filling of an aneurysm is to provide protection against 
rebleeding. A variety of material has been used in these treatment methods. 
Traditional histological study demonstrates indirectly aspects of protection against 
rupture such as the degree of bioadhesiveness, fibrosis and absorption of the 
substance applied. Clinical analysis by post-operative follow up of the patients will 
take a long time to accumulate sufficient number of cases as the number of 
"unclippable" aneurysm is diminishing with improved microsurgical technique. It may 
be impossible or unethical to have a control in the clinical study. The bursting 
pressure, a conventional method to assess the strength of vessel anastomosis 
(Flemming et al 1990) quantifies the tendency of an aneurysm to rupture (Quigley et al 
1987). This may be a more relevant parameter to assess the protecting effect of 
aneurysm treatment by methods such as reinforcement and filling because bursting 
pressure measures the physical strength directly. 
The aneurysm model established in the rat carotid artery as described in 
chapter 3 was employed for the experimental reinforcement and filling treatment. The 
efficacy of these was evaluated by bursting pressure measurement. 
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MATERIALS AND METHODS 
i * V . 
GENERAL SCHEME 
Adventitia patch fibrin sealant sealed arteriostomy aneurysm model was 
produced exactly the same way as described in chapter 3. A total of 179 Sprague-
Dawley rats were used . All the rats had angiography on day 6 postoperatively to 
demonstrate the presence of aneurysms as well as their size. Those with aneurysms 
were then divided into seven groups, each treated with a specific method of 
reinforcement / filling. 
一 ' ： ？ “、 + 
Bursting pressure measurement was carried out immediately and 1 week after 
the treatment. Details of the grouping is listed as follows: 
Materials for reinforcement Timing of bursting pressure measurement 
Immediate after 1 week after 
treatment treatment 
Cotton IRC IIRC 
Fibrin sealant* IRF IIRF 
cyanoacrylate** IRCy IIRCy 
Cotton / fibrin sealant IRC/F IIRC/F 
Cotton / cyanoacrylate IRC/Cy IIRC/Cy 
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； Materials for filling Timing of Bursting pressure measurement 
Immediate after 1 week after 
I treatment treatment 
Fibrin sealant* IFF IFF 
Cyanoacrylate** IFCy llFCy 
* Tisseel Kit (two-component fibrin sealant )’ Osterreichisches Institut for Haemoderivate, GES. M.B.H., 
Production Division of Immuno AG, Vienna , Austria. 
* * Histoacryl Blau ( n-Butyl-2-cyanoacrylate-Monomer), B. Braun Medical (H.K.) Ltd. 
Group Ilia ( bursting pressure measured at 1 week ) in chapter III was used as the 
control g r 聊 for the treatment groups that were immediately sacrificed for bursting 
pressure measurement. For the groups sacrificed 1 week after treatment, a new 
control group was specifically set up，where exploration and dissection of the 
aneurysms was carried out at 1 week, wounds closed, and then bursting pressure 
measured at 2 weeks. 
For filling treatment of the aneurysm, angiography was carried out before and 
after the treatment in order to demonstrate the occlusion of the aneurysm and the 
patency of the parent artery. 
Size of the aneurysm was measured both from the films of angiograph and 
during exploration for the theraputic manipulation. Criteria for the presence of 
aneurysm and their size as well as technique of angiography and bursting pressure 








j All the rats were finally sacrificed. The carotid artery with the aneurysm treated 
was harvested and preserved in formalin for histological study. 
TECHNIQUE OF REINFORCMENT (Fig. 12, page 128) 
On the 7th post-operative day, aneurysms demonstrated angiographically were 
explored under intraperitonial pentobarbital anesthesia. Under the operating 
microscope, the aneurysms were exposed and dissected free. 
For groups IRC and IIRC ( reinforced with cotton only )，the aneurysm was 
wrapped by a piece of flattened cotton 10x15mm completely including its parent 
artery. 
For groups IRF and IIRF ( reinforecd with fibrin sealant only )，the two 
components of the fibrint sealant were applied simultaneously onto the aneurysm 
through a applicator connected to a 25G needle until it was completely coated. 
For groups IRCy and IIRCy (reinforced with cyanoacrylate only )，the aneurysm 
was coated by cyanoacrylate delivered from a 1ml syringe connected to a 25G 
needle. The cyanoacrylate polymerised quickly in contact with the tissue. 
For groups IRC/F, IRC/Cy, IIRC/F and IIRC/Cy ( reinforced with cotton / fibrin 
sealant and cotton / cyanoacrylate )，the aneurysms were wrapped with cotton which 
was soaked fully with fibrint sealant or cyanoacrylate. 
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Bursting pressure was measured 10 minutes after the treatment procedure on 
day 7 postoperatively for group IRC, IRF, IRCy, IRC/F and IRC/Cy. For group IIRC, IIRF， 
IIRCy, I IRC/F and IIRC/Cy, bursting pressure was measured 1 week after the 
reinforcement, i.e. 14 days after the first operation. 
TECHNIQUE OF FILLING (Fig. 14，page 130,131) 
The aneurysms was dissected free under intraperitoneal pentobarbital 
anesthesia . Under the operating microscope, a vascular approximator clamp was 
applied to both ends of the parent artery. The aneurysm was punctured at its fundus 
and the blood was aspirated. After that, the aneurysm was collapsed. A temporary 
aneurysm clip was then applied to the neck of the aneurysm preserving its parent 
artery. From the fundus where it had been punctured, the filling substance was 
injected into the aneurysm. 
For group IFF and IIFF, the two components of the fibrin sealant were injected 
simultaneously into the aneurysm via an applicater which consisted of two 1ml 
syringes and both of which were connected to a 25G needle. The two components 
were mixed as they were injecting into the aneurysm. 
For group IFCy and IIFCy, the cyanoacrylate was injected into the aneurysm via a 
1ml syringe and a 25G needle. 
All animals had post-treatment angiography on day 7，i.e. one day after the filling 
treatment. For groups IFF and IFCy, bursting pressure was measured immediately 
after the psot-treatment angiography. For groups IIFFS and IIFCy, a second post-
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丨 treatment angiography was carried out 1 week after the filling treatment and finally 
bursting pressure was measured on the same day after the angiography. 







ANEURYSM REINFORCEMENT WITH IMMEDIATE BURSTING 
PRESSURE MEASUREMENT (table 9，page 112) 
All aneurysms that satisfied the angiographic definition of an aneurysm and 
survived the first operation and angiography entered this part of the study . Groups of 
5-8 aneurysm-bearing animals were explored for aneurysm reinforcement with a 
specific substance, alone or in combination. 
In 7 animals，the aneurysm was reinforced with cotton ( group IRC ). When 
bursting pressure measurement was carried out, the site of rupture was identified at 
the dome or body in 5 and the neck in 2. The median bursting pressure was 560mmHg 
{ range 360-680mmHg )，no different from the control group (group lllb) 480mmHg. 
Aneurysm reinforcement with cotton did not give any immediate protection against 
rupture. 
In 5 animals，the aneurysm was reinforced with fibrin sealant ( group IRF ) where 
the site of rupture was not identifiable when bursting pressure measurement was 
I 
carried out. The median bursting pressure at 700mmHg ( range 520-830mmHg ) was 
significantly higher than the control group, 480mmHg. 
In the group of 5 animals whose aneurysms were reinforced with cyanoacrylate ( 
group IRCy )，only one aneurysm burst at a challenge pressure of 1420mmHg，the 
remaining four did not burst at 1500mmHg. 
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In the group of 8 animals where the aneurysms were reinforced with cotton and 
fibrin sealant in combination, (group IRC/F )，median bursting pressure ( range 780-
j 1300mmHg ) is significantly higher than that of the control group ( 915mmHg vs 
480mmHg，p<0.01 )• Again the site of rupture was not identifiable because of the 
nature of the wrapping material. 
In the 6 aneurysms where cotton and cyanoacrylate were applied in combination 
(group IRC/Cy )，none burst at 1500mmHg. 
ANEURYSM FILLING WITH IMMEDIATE BURSTING PRESSURE 
MEASUREMENT (table 9，page 112) 
6 animals were treated with intra-aneurysmal injection of fibrin sealant ( group 
IFF ). One aneurysm was complicated by parent artery occlusion and was excluded 
from bursting pressure measurement. The median bursting pressure of the remaining 
5 aneurysms at 760mmHg ( range 520-1200mmHg ) was significantly higher than that 
of the control group ( 480mmHg )• The site of rupture was at the dome or body of the 
aneurysm. The bursting pressure of the two incompletely filled aneurysms was 520 
and 760mmHg, and the three completely occluded aneurysms 750, 780 and 
1200mmHg. 
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Another group of 6 aneurysm-bearing animals were treated with cyanoacrylate 
filling ( group IFCy ). Two were complicated by parent artery occlusion, and therefore 
did not have bursting pressure measurement. The bursting pressure of two 
incompletely filled aneurysms was 860mmHg and 1100mmHg with the site of rupture 





I REINFORCEMENT TREATMENT WITH BURSTING PRESSURE 
MEASUREMENT A T ONE WEEK AFTER TREATMENT 
Ten angiographically confirmed aneurysms entered this part of the study as the 
control group (Control 11) where the aneurysms were explored at one week after the 
first operation but no treatment was given. These aneurysms were re-explored at one 
week later (i.e., two weeks after the first operation for aneurysm production) and their 
median bursting pressure was 895mmHg (range 680-1 OOOmmHg). The site of rupture 
was at the body or done in 9 aneurysms and the neck in one. 
One week after cotton reinforcement (group IIRC), 6 aneurysms were found to 
have a median bursting pressure of 1165mmHg (range 1020-1 SOOmmHg) which was 
significantly higher than that of the control group (895mmHg). The site of aneurysm 
rupture was not identifiable. 
One week after fibrin sealant reinforcement (group IIRF), the median bursting 
pressure 1005mmHg (range 820-1250mmHg) of 6 treated aneurysms showed no 
difference from the control group (895mmHg). 
In the 5 aneurysms treated with cyanoacrylate reinforcement (group IIRCy), only 
one aneurysm burst at 1320mmHg, the remaining four did not burst at 1500mmHg. 
In the group of 6 aneurysms treated with cotton and fibrin sealant reinforcement 
in combination (group IIRC/F), the median bursting pressure at 1230mmHg (range 
1060-1480mmHg) was significantly higher than that of the control group ( 895mmHg). 
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For the 6 aneurysms treated with cotton and cyanoacrylate reinforcement in 
combination (group IIRC/Cy), none of the treated aneurysms burst at 1500mmHg. 
-
FILLING TREATMENT WITH BURSTING PRESSURE MEASUREMENT 
•J 
I ONE WEEK AFTER TREATMENT (table 9，10，page 112，113) 
Ten angiographically confirmed aneurysms were recruited for the fibrin sealant 
fil l ing treatment (group IIFF). 6 underwent serial post-treatment angiography 
successfully. In four animals, complete aneurysm filling was confirmed by the 
angiography and the bursting pressure was 970，1200，1100 and 1380mmHg. In two 
animals, incomplete aneurysm filling was demonstrated and their bursting pressure 
were 800 and 920mmHg. The overall median bursting pressure of that 6 aneurysms 
was 1035mmHg. There was no parent artery occlusion in this group. 
Another group of 9 aneurysms were recruited for cyanoacrylate filling treatment 
(group IIFCy). Five animals had complete aneurysm filling, one incomplete filling that 
died prematurely and three parent artery occlusion. Five animals had bursting 
pressure measurement: 1340 and 1420mmHg in two, and the other three did not burst 
at 1500mmHg. 
RESULTS OF FILLING TREATMENT (table 10，page 113) 
Among 31 aneurysms undergone filling treatment, 14(52%) had complete 
occlusion of the aneurysm sac with the parent arteries preservation; 7(26%) 
aneurysms incomplete filling; 6 (22%) parent arteries occlusion including 4 whose 
parent arteries were confirmed patent by Hayhurst and O'Brien's method (Nieuborgh 
1979) immediately after the filling. 
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BURSTING PRESSURE 
All the bursting pressure of the therapeutic study groups were summarised in 
table 9 (page 112). Group ll lb of the natural history study was used as the control 
group for the groups with bursting pressure measured immediately after the treatment 
on 1 week. Comparison was made between the control groups and all the treatment 
groups accordingly. 
In the groups with bursting pressure measured immediately after the treatment at 
1 week, all the treatment groups had significantly higher bursting pressure than the 
control group except for group IRF (reinforced with cotton alone). Aneurysms 
reinforced with cotton and cyanoacrylate (IRC/Cy) had bursting pressure higher than 
1500mmHg. 
In the groups with bursting pressure measured 1 week after the treatment, all treatment 
groups had significantly higher bursting pressure than the control group except group 
IIRF and IIFF (reinforcement treatment by fibrin sealant and filling treatment with fibrin 
sealant). All the aneurysms of group I IRC/Cy had bursting pressure higher than 
1500mmHg. 
COMPARISON BETWEEN THE ANEURYSM MODEL IN THE 
THERAPEUTIC GROUPS AND THE NATURAL HISTORY STUDY 
GROUPS 
Pooling all the aneurysms in the theuraputic and natural history study groups 
together as two groups, their major characteristics were comparable (table 11，page 




at angiography and exploration, size of spontaneously ruptured aneurysm, rate of 
successful angiography. The post-angiographic death was lower in the therapeutic 
study group (7% vs 15%, P<O.02). 
PATHOLOGICAL FINDINGS 
All the specimens were processed for routine paraffin-embedded sections stained by 
haematoxylene and eosin. 
GROUP IIRC (REINFORCED WITH COTTON) 
1 week after the wrapping, there was active proliferation of fibroblasts which 
infiltrated into the reticular structure of the cotton fibres. Adhesiveness was shown 
between the cotton and the vessel wall. Peripherally, there were mononuclear and 
polymophonuclear white cell infiltration. Clusters of foreign body type giant cells were 
seen among the cotton fibres. 
GROUP IRF AND IIRF (REINFORCED WITH FIBRIN SEALANT) 
1 week after the coating, most of the fibrin sealant had been absorbed. In the 
remained fibrin sealant, there was prominent polymorph leucocytic infiltration. No giant 
cell was seen. No marked collagen fibres proliferation was found. 
GROUP IRCy AND IIRCy (REINFORCEMENT WITH CYANOACRYLATE) 
68 
Histologic preparation of specimens from these groups were unsatisfactory as 
the aery late was too hard for routine microtomy. 
GROUP IIRC/F (REINFORCEMENT WITH COTTON AND FIBRIN 
SEALANT IN COMBINA TION) (Figure 13，page 129) 
Findings were similar to that of wrapping with cotton only in group IIWC. Giant 
cells were seen in closed relationship with the cotton fibres. 
GROUP IRC/Cy & IIRC/Cy (REINFORCEMENT WITH COTTON AND 
CYANOACRYLATE IN COMBINATION) 
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Findings of the llWC/Cy were similar to that of wrapping with cotton only in group 
IIWC and with cotton/fibrin sealant in group IIWC/F. Giant cells were seen around the 
cotton fibres. 
GROUP IFF AND IIFF (FILLING WITH FIBRIN SEALANT) 
1 day after the filling, there were some infiltration of the intrasaccular fibrin 
sealant by white cells. The boundary between the fibrin and the aneurysm wall still 
very clear. 1 week after the filling, most of of the fibrin sealant were replaced by fibrous 
tissue. No endothelial lining was observed. In 2 of the specimens of 1 week after the 
filling treatment, small filling defects were seen at the mouth of the aneurysms, which 
had not been revealed by angiography. Whether this filling defect is a result of 




GROUP IFCy AND IIFCy (FILLING WITH CYANOACRYLATE) 
I 
1 day after the filling, there was white cell infiltration mainly involving the 
I •‘ 
aneurysm wall but also the intrasaccular cyanoacrylate. 1 week after the filling, the 
white cells infiltration became more severe involving the whole thickness as well as 
perivascular t issue. The demarcation between the aneurysm wall and the 
perivascular tissue was ill-defined. Some fibrous tissue appeared at the internal side 




The aneurysm model used in this theuraputic study was produced in the same 
way as that in the natural history study. A comparison of the major characteristics 
including the aneurysm yield, size and rate of spontaneous rupture has been made 
(table 11，page 114). Only the post-angiographic death is significantly lower in the 
theraputic groups, which is probably a result of improved post-angiography care. 
Otherwise all the characteristics of the aneurysm model in both parts of the study are 
remarkably identical. Based on this, it is justifiable to use the bursting pressure of 
group lllb in the natural history study as the control group I in the therapeutic study. 
The n-butyl-2-cyanoacrylate (NBC), fibrin and cotton were chosen as the 
materials for the aneurysm reinforcement study. They are readily available 
commercially and are simple to use. The NBC, a cyanoacrylate of relatively low 
histoxicity， is immediately solidified in contact with moist tissue surface with good 
mechanical strength. Fibrin is nontoxic, and also immediately effective in coating the 
aneurysm but is probably less strong than the NBC and it is absorbed within a couple 
of weeks. Cotton, which is strongly recommended by some neurosurgeons, can 
provoke fibrosis to protect the aneurysm against rebleeding, but the fibrosis is 
established only a few weeks after the wrapping. The combination of cotton with IBC or 
fibrin are based on the assumption that the immediate effect of IBC or fibrin may give 
an effective coating during the early period after the treatment when effective fibrosis 
by the cotton has not yet been established. 
In the therapeutic filling study, NBC is chosen as the filling substance as it has a 
low viscosity, good mechanical strength and a relatively low histoxicity which may 
make it justified to be used in the human in difficult or life threatening situation. It has 
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been demonstrated experimentally that to fill an aneurysm with fibrin sealant resulted 
J in occlusion of the aneurysm by granulation in 2 weeks ( Moriglane 1987). But whether 
the fibrin sealant is strong enough to protect the aneurysm against rebleeding during 
the early period after the filling before the formation of the granular tissue is not known. 
Many studies have shown that a high rate of rebleeding of a ruptured aneurysm 
occurs within 4 weeks or earlier after the initial bleeding (Sekhar and Heros 1981， 
O'nell 1988). It is in this early stage of 1 to 2 weeks when neither fibrosis after 
wrapping an aneurysm with cotton nor granulation after filling an aneurysm with fibrin 
sealant appears to give adequate protection. For this reason the efficacy of wrapping 
and filling treatment is assessed immediately and 1 week after the treatment. 
In the therapeutic study group I in which the bursting pressure was measured 
immediately (reinforcement) or 1 day (filling) after the treatment, the interval between 
the treatment and bursting pressure measurement is very short, histological change 
between the material applied and the tissue is minimal, thus the result can be 
regarded purely as the reflection of the physical strength of the material. While in the 
therapeutic group 11，there is a period of 1 week between the treatment and the testing 
of bursting pressure, a certain degreed of histological reaction to the material applied 
has taken place as has been observed . Thus the result of bursting pressure 1 week 
after the treatment should be taken as the reflection of the physical strength based on 
the combination of both the material applied and the tissue reaction to it. One of the 
best example to demostrate this is wrapping the aneurysms with cotton only. The 
median of bursting pressure of aneurysms immediately after the reinforcement with 
cotton only (group IRC) is only 560mmHg which is comparable to the 480mmHg of 
group contro I (P>0.05). While at 1 week after cotton reinforcement, the median 





895mmHg of group control II (P<0.01). This result is consistent with the histological 
j finding that proliferation and invasion of fibrous tissue has appeared in the space of 
；I 
the reticular structure of the cotton fibre 1 week after the wrapping treatment. 
To reinforce the aneurysms with fibrin sealant only, the median bursting 
pressure immediately after the treatment (group IRF) is 700mmHg which is significantly 
J 
higher than the 480mmHg of group control I (P<0.05). But 1 week after fibrin sealant 
reinforcement (group IIRF), the median of bursting pressure is only 1005mmHg which 
is comparable to that of the group control II (P>0.05). This result shows that the fibrin 
sealant coating may provide a certain degree of protection against rupture, but this 
protecting effect will be weakened significantly 1 week after the coating. This is 
probably due to the absorption of the fibrin sealant. 
When cotton and fibrin sealant are used in combination to reinforce the 
aneurysm, the median bursting pressure of immediately after (group IRC/FS) and 1 
week after (group I IRC/FS) the treatment are 915 and 1230mmHg respectively, both of 
which are significantly higher than that of their control groups (both P<0.01). The result 
may be explained that immediately after the reinforcement with cotton and fibrin 
sealant, the protecting effect is produced by both the coating of the fibrin sealant and 
the wrapping of the cotton which has been fixed by the fibrin sealant, both of which 
may be analogous to the relationship between the concrete and the steel rods in a 
building ( Sugita 1985). While at 1 week after the treatment, although the effect of fibrin 
sealant is weakened by absorption, the protecting effect of cotton is strengthen by the 
proliferation of the fibrous tissue, thus the bursting pressure can be maintained at a 
high level. This suggests that reinforcement of the aneurysm with cotton and fibrin 
sealant can provide a significant protection against rupture during the first week after 
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I the treatment and probably permanent protection is achieved as the cotton will not be 
absorbed and the fibrosis will persist. 
Reinforcement of the aneurysms by NBC alone or NBC and cotton with bursting 
pressure tested immediately or 1 week after the treatment as in group IRCy, IIRCy, 
IRC/Cy, IIR/Cy and filling the aneurysms by IBC with bursting pressure tested 1 day or 
1 week after the treatment as in group IFCy，IIFCy all resulted in very high bursting 
pressure around 1500mmHg . The result is consistent with the f indings of 
cyanoacrylate by other authors (Handa 1984; Fox 1983). It shows that reinforcement 
of the aneurysm with NBC alone or in combination with cotton or to fill the aneurysm 
with NBC can provide a strong protection against rupture in the early period after the 
treatment. As the NBC is toxic to tissue, it is not recommended in routine clinical use. 
However, in difficult case or life threatening situation, it may still be justified to use 
NBC to reinforce or to occlude the aneurysm by direct injection. The main obstacle for 
the NBC to be used in human cerebral aneurysm treatment is its histoxicity although it 
is relatively low among other forms of cyanoacrylate. However, there is no histological 
study of applying the NBC intracranially reported in the literature. In the present study, 
due to technical problem in the preparation of specimen for histological examination， 
little information can be gained about the tissue reaction to the NBC. 
In the filling treatment of the aneurysm by fibrin sealant, the median bursting 
pressure 1 day after the treatment (group IFF) is 760mmHg which is significantly 
higher than the 480mmHg of the control group I (P<0.01). This result shows that filling 
the aneurysm with fibrin sealant may provide a certain degree of protection against 







i Similar to the findings in the experimental aneurysm filling treatment by 
..t 
Moringlane JR, et al. (1987)，partial replacement of the intrasaccular fibrin sealant by 
J 
fibrous tissue was observed in the present study in the aneurysms 1 week after the 
. I - 、 
fibrin sealant filling treatment (group IIFF). The median bursting pressure in this group 
I 
of 1035mmHg fails to achieve statistical significance when comparison is made with 
I 
group control II (P>0.05). However, if only the four completely filled aneurysms are 
compared with the control group II，the bursting pressure is significantly higher 
(1100mmHg vs 895mmhg, Wilcoxan's rank sum test, P=0.05). The numbers are too 
small to arrive at a firm conclusion. It is reasonable to suggest that completely filled 
aneurysm is better protected from aneurysm rupture when compared with partially 
filled aneurysms. 
One of the main problems in the filling treatment of the present study is the low 
sucessful aneurysm occlusion rate (52%) with an unaccptable high rate of incomplete 
or failed aneurysm occlusion (26%) and parent artery occlusion (22%) (table 10， 
page 113). This is due to the difficulty of delivering the exact amount of adhesive into 
the aneurysm sac. The broad-based aneurysm also makes reflux of the adhesive into 
the parent artery possible. On the other hand, although too much cyanoacrylate 
injected are responsible for the immediate occlusion of the parent artery in 2 rats in 
group IIFCy, parent artery thrombosis on serial angiography does occur in initially 
patent arteries. The parent arteries of these rats have been proved patent by the 
method of Hayhurst and O'Brien (Nieuborgh 1979) immediately after the injection. 1 
rat in the fibrin sealant filling groups and 2 in the cyanoacrylate filling groups were 
found to have their parent artery thrombosis on angiography 1 day after the treatment 
(Figure 16，page 113). Pathological findings revealed that the blockage were cause by 
thrombosis other than by the filling substance. It is possible that the thrombosis was 
initiated from a partial obliterated parent artery by the injected substance as the 
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testing of parent artery patency by the method of Hayhurst and O'Brien is only 
quanlitative (Nieuborgh 1979). But histological examination under the microscope 
, show no apparent protrusion of the injected substance from of the mouth of the 
aneurysm. Similar delayed thrombosis of the parent artery after internal occlusion of 
the experimental aneurysm has been observed by Debran GM, et al. (1964). In their 
study, 14 vein pouch graft aneurysms in dogs were treated by direct injection of the 
IBC while the parent arteries were temporarily occluded by an intravascular balloon. 
Patency of the parent arteries were examined immediately after the treatment. 1 to 2 
months later, 2 dogs were found to have their parent arteries thrombosed. The authors 
suggest that de-epitheliazation of the intimathe was caused by the angioplastic effect 
of the balloon while tears of the media of the parent arteries as well as the 
irregularities of the solidified IBC might be responsible for the delayed thrombosis. In 
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the present study, the exact cause of the delayed thrombosis is unknown. It may be 
related to the injected substances due to their irregularities, partial obliteration of the 




Results of this therapeutic study suggest that: 
(1) Coating the aneurysm with fibrin sealant can provide a significant protecting 
effect immediately after the treatment, but 1 week after the treatment, the effect 
becomes insignificant. 
(2) Wrapping the aneurysm with cotton gives no significant protecting effect 
immediately after the treatment, but 1 week after the treatment, the protecting effect 
becomes highly significant. 
(3) Protecting effect on the aneurysm against rupture is adequate both 
immediately and 1 week after reinforcement with cotton and fibrin sealant in 
combination. This may be due to the immediate glueing effect of fibrin sealant and the 
late-onset effect of fibrosis provoked by cotton. As cotton is unabsorbable and the 
fibrosis will persist, the protecting effect is probably long term. Using the cotton and 
fibrin sealant in combination may be the method of choice in human intracranial 
aneurysm reinforcement. 
(4) Filling the aneurysm with fibrin sealant may provide a significant protecting 
effect 1 day after the treatment. Replacement of most of the intrasaccular fibrin sealant 
by fibrous tissue has been observed at 1 week after the treatment, but the protecting 
effect at this time becomes insignificant. The decrease in protecting effect may be due 
to incomplete filling of 4 aneurysms among the 6 aneurysms of the group. Further 
investigation on a bigger scale is required to assess the bursting pressure of 
aneurysm completely filled with fibrin sealant. 
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(5) Reinforcement of the aneurysm with NBC alone or in combination with cotton 
and filling the aneurysm with NBC all result in highly significant protecting effect on the 
aneurysm both immediately and 1 week after the treatment. In view of both the 
advantages and disadvantages of NBC, it may be justified to use it for unclippable 
human cerebral aneurysm reinforcement or internal occlusion in difficult cases or in 
life threatening situation. It is also worthwhile to carry out further study to investigate 
the histological aspects of the NBC as substance for aneurysm treatment. 
(6) Complication of the filling treatment in this study is unacceptably high mainly 
incomplete occlusion of the aneurysm sac and occlusion of the parent artery. Delayed 
thrombosis of the parent artery is also observed. Aneurysm treatment by direct 




During this 2-year study in the evaluation of treatment methods of intracranial 
aneurysm other than microsurgical clipping, a new animal model in rats has been 
developed. Using this model, experimental reinforcement and internal occlusion 
treatments were carried out. 
Three methods were assessed in the production of experimental aneurysms in 
the common carotid artery of rats: (1) adventitia bipolar diathermy sealed arteriostomy, —-；？ - 、 ’ 
(2) adventitia patch bipolar diathermy sealed arteriostomy, (3) adventitia patch fibrin 
sealant sealed arteriostomy. Method (3) was chosen because it had the highest 
aneurysm yield and the largest aneurysm while it technically remained simple, 
involving no further diathermy heat injury to the underlying vessel wall. 
Results of the natural history study of the aneurysm model showed that the 
aneurysm yield was 82-94% with an external height of 1.8-2.5mm (measured at 
exploration) and an internal height of 1.3-1.9mm ( measured angiographically ) which 
was stable over a period of 6 weeks. The model is similar to the human intracranial 
saccular aneurysm in several ways including being saccular in shape, having a 
tendency to rupture and similar histological features. The meticulous dissection 
required in approaching the aneurysm is similar to that encountered clinically. With the 
application of percutaneous cardiac puncture, serial angiography was carried out to 
assess the dynamic change of the aneurysm. The bursting pressure of these 
aneurysms was documented. This aneurysm model is therefore suitable for 
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investigation of various treatment methods before they are applied clinically and in the 
training of microsurgical aneurysm dissection. 
However, this aneurysm model also has its short comings: 
(1) Most of the aneurysms are broad based. This contrasts a typical spontaneous 
intracranial aneurysm which usually has a narrow neck and is located at the 
bifurcation of an artery. This may be a reflection of the haemodynamic difference 
between the branching and nonbranching points of an artery. Further study is required 
to apply this aneurysm model to the bifurcation of an artery to see whether an 
aneurysm with a narrow neck can be produced. 
(2) There is a steady rise of the median bursting pressure from 480mmHg at 1 
week to over 1500mmHg in many of the aneurysms at 4 to 6 weeks. The high bursting 
pressure makes it impossible to compare the bursting pressure before and after 
experimental treatment in long term studies. Different degree of maturity of the fibrous 
tissue of the aneurysm wall is the likely cause. The steady rise in bursting pressure 
with time is not dissimilar to the human situation where the highest risk of a rebleed 
followed an aneurysmal subarachnoid haemorrhage is during the first 48 hours, which 
eventually reduces to 3% per annum. For our aneurysm model, the aneurysm rupture 
rate was 13% in the first week, 4% in the second week and 2% after 2 weeks. 
Using the adventitia patch fibrin sealant sealed arteriostomy aneurysm model, 
therapeutic study of reinforcement with cotton + fibrin sealant or N-butyl-2-
cyanoacrylate (NBC) and internal occlusion by filling with fibrin sealant or NBC was 
carried out. The protecting effect of the treatment against aneurysm rupture was 




When reinforcement of an aneurysm is really needed, cotton and fibrin sealant in 
combination is the material of choice as they are non-toxic and confer adequate 
protecting effect on the aneurysm against rupture both immediately and 1 week after 
treatment. The immediate effect is provided by the fibrin sealant. While the late effect is 
mainly due to perianeurysmal fibrosis induced by the cotton. This protecting effect will 
probably be long lasting as the fibrosis and the cotton are unlikely to disappear. On the 
other hand, caution should be taken to avoid placing the cotton on cranial nerves. 
Although the risk is low，granulomatous neuritis may cause clinical problem in the 
human situation where most intracranial aneurysms are close to the optic and 
occulomotor nerves in anterior circulation aneurysm and lower cranial nerves in 
posterior fossa aneurysm. 
NBC can provide significant protecting effect either as reinforcement or internal 
occlusion material. It has a shorter setting time and stronger physical strength than 
fibrin sealant, giving immediate protection. However, as it is histotoxic to surrounding 
structures, its use should be restricted to life threatening situation when everything 
else has failed. 
Filling of the aneurysm with fibrin sealant also gave significant protection 
immediately after the treatment. However, 1 week after the filling, the protecting effect 
was not significant despite the fact that most of the fibrin sealant had been replaced by 
fibrous tissue. The decreased protecting effect 1 week after the filling may be due to 
incomplete filling. Fibrin sealant in aneurysm filling treatment was shown to be 
unsatisfactory in this study. 
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Complications of the filling treatment have been shown to be unacceptably high, 
mainly: (1) incomplete occlusion of the aneurysm sac and (2) occlusion of the parent 
artery. It is difficult to deliver the small yet exact amount of adhesive into the aneurysm 
sac. Reflux of the adhesive into the parent artery may occur especially when the 
aneurysm is broad based. Delayed thrombosis of the parent artery has also been 
observed, which may be related to the irregularities of the filling substance, partial 
obliteration of the parent artery by the filling substance, or intima trauma of the parent 
artery by the temporary clipping. 
The results of the present study are only tentative. However, it is reasonable to 
state that cotton/fibrin glue wrapping of aneurysm appears to be safe and effective, 
and therefore should be considered as the treatment method of choice when 
microsurgical clipping fails. The aneurysm model used in this study is in the trunk of 
the rat common carotid artery which may be different from the cerebral arterial 
bifurcation aneurysms in man. Hopefully the result of the present study will stimulate 
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TABLES AND FIGURES 
i 
Table 1 
Screening of methods of aneurysm production: yield and size 
i 
[i 
i ‘ i: )！ I：; 
I I ；‘.丨 
Groups* No. of rats** Aneurysm yield Mean aneurysm height !： 
on exploration on exploration mm(土广** I 
at 2 weeks(%)*** !| 
• I、 J 
I 45 14(31) 0.9(0.2) I 
lla 41 30(73) 1.4(0.4) 丨 
lib 20 16(80) 1.5(0.5) 丨 
ilia 20 18(90) 1.8(0.6) 
. 丨:: 
I 
* Group I Adventitia bipolar diathermy sealed arteriostomy 
Contralateral carotid ligation 
Group lla Adventitia patch bipolar diathermy sealed arteriostom 
Contralateral carotid ligation 丨 
Group lib Adventitia patch bipolar diathermy sealed arteriostomy 
No contralateral carotid ligation 丨 
Group 丨lla Adventitia patch fibrin sealant sealed arteiostomy 
No contralateral carotid ligation 
** 9 rats which died intraoperatively or in the early postoperative period were not included. 
*** Comparison of aneurysm yields (chi-square test, DF=1): 
Group I &na X2=15.188 P<0.001 
Group lla & lib x2=0.338 P>0.5 
Group lib & Ilia x2=0.0005 P>0.5 
**** Comparison of aneurysm heights (student's t test) 
Group I vs lla t=4.554 P<0.001 j 
Group lla vs lib t=1.474 P>0.1 ！| 
Group lib vs Ilia t=2.345 P<0.05 
104 
� Table 4 
Natrual history : Results of angiography of group llle 
Time of Ang No of rats A(+) on A(-) on Faild Post Ang 
had Ang Ang Ang Ang death 
End of 1st week 49* 32 14 3 1 1 
End of 2nd week 35** 21 12 2 5 I 
End of 4th week 30 15 11 4 4 




* 57 rats were operated on, 4 died at the early post-operative period and 4 died of spontaneous 
aneurysm rupture (1on day 6 , 3 on day 7) were not included. 
** 3 rats that died of spontaneous aneurysm rupture detween 1 and 2 weeks were not included. 丨 
*** The16 rats with aneurysms had all four serial angiogrphies successfully carried out except one 
failed once. 
6 of the 9 without aneurysm had all four serial angiographies successfully carried out. 





• ！ i 
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� Table 4 
Natrual history : Aneurysm yield of group lllb-ll ld 
Subgroup No of rats* Spont A A(+) on A(-)on Ang A(-) A yield 
rupt (%) Ang(%) Ang(%) Expl A(+) (%) (%) 
(1)+(2)+(3) (1) (2) (3) (4) (1)+(2)+(4) 
l l lb 18 3 11 4 3 17(94) 
lllc 1 1 1 7 3 1 9(82) 
llld 19 5 9 5 2 16(84) 
48 9(19) 27(56) 12(25) 6(13) 42(88) 
A=Aneurysm Ang=Angiography Spont Pupt=Spontaneous Rupture 














� Table 4 
Natural history: Results of andiography by percutaneous cardiac 
puncture 
Groups times of Ang(%) Successful(%) failed(%) Post-Angdeath(%) 
lllb 16 15 1 4 
lllc 13 10 3 1 
llld 14 14 0 0 
llle 
Istweek 49 46 3 1 1 
2nd week 35 33 2 5 
4th week 30 26 4 4 
6th week 26 25 2 0 
T ^ 169(92) 14(8) 25(14) 
Ang=Angiography 
107 
� Table 4 
Natural h is tory : Burst ing prssure, site of rupture and size of the 
anehrysms 
Groups No of rats Mean A height mm(SD)*** Mean Diff of Median Site of rupture 
with BP - height between bursting - -— 
done Ang* expl** Ang & expl Pressure neck body/dome 
mm(SD) mmHg 
i b 9 1.6(1.1) 2.2(1.3) 0.55(0.1) 2 
lllc 6 1.9(1.2) 2.5(1.4) 0.63(0.2) 865 1 5 
Hid 8 1.3(0.5) 1.8(0.6) 0.53(0.1) >1500 2 
llle 15 1.6(0.8) 2.2(1) 0.54(0.1) >1500 4 1 
A=Aneurysm, Ang= Angiography, Reexpl=Reexploration, BP=Bursting pressure, 
Diff=Difference 
* Comparison of the mean aneurysm height by angiography between the groups(Kruskal-Wallis' 
Test): 
X2= 2.070 p > 0.6 
** Comparison of the mean aneurysm height by exploration between the groups(Kruskal- wallis' 
test): 
X2= 1.329 p>0.7 
*** Comparison of the mean height measured by angiography and at exploration: 
(Wilcoxon Matched-pairs Signed-ranks Test): 
Z =-5.3731 p< 0.0001 
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i 
\ Table 6 '1 
ii 
Natural history: Aneurysm size and bursting pressure in group lllb (1 
week after the first operation) 
A height by Ang No of rats Median of height Median of bursting pressure* 
mm mmHg 
<1.25 mm 3 1 580 
^1.25mm 6 1.25 430 
A=Aeurysm， Ang=Angiography 







Natrual history: Comparison of aneurysm size between those bursted 
and did not bursted spontaneously (Group 丨lb，c，d，e) 
spontaneous rupture No spontaneous rupture 
No. of aneurysms 12* 38 
Mean size**’… 8.6土3.5mm 2.2土0.9mm 
* 4 aneurysms with spontaneous rupture were excluded because of post-mortem tissue lysis . 
** Internal height mesaured by angiography or at post-mortem. 
*** Student's t test, DF=49, t=11.23 P< 0.001 
110 
Table 8 
Natural history: Rate of spontaoneous aneurysms rupture ( Group lllb, c 
‘ 、 
and d ) 
Groups* Total number of aneurysms Number of aneurysms ruptured spontaneously 
^ day 7 (%) day 8-14 (%) >day 14(%) 
lllb 17 3 0 0 
lllc 9 1 0 0 
lllid 16 2 2 1 
42 6(14) 2(5) 1(2) 
* Adventitia patch fibrin sealant sealed arteriostomy: 
Group lllb — sacrificed for bursting pressure at 1 week, 
Group lllc — sacrificed for bursting pressure at 2 week, 
Group llld — sacrificed for bursting pressure at 4 week. 
1 1 1 
� Table 4 
丨j 
Therapeutic study: bursting pressure 
Groups No of mean A height mm(SD) Mean Diff of Median Site of rupture 
rats height bursting 
Ang Expl between pressure Neck Body 
Ang&Expl or 
mm(SD) mm(SD) mm (SD) mmHg* borne 
Control I 9 1 .6 (1 .1 ) 2 .2 (1 .3 ) 0 .55 (0 .1 ) 4 8 0 2 7 
IRC 7 1.6(0.8) 2.1(1 ) 0.43(0.2) 560 2 5 
IRF 5 1.5(0.5) 2.1(0.6) 0.57(0.1) 700 ** ** 
IRCy 5 1.2(0.5) 1.8(0.6) 0.59(0.1) >1500 ** ** 
IRC/F 8 1.3(0.3) 1.7(0.4) 0.44(0.1) 915 ** 
IRC/Cy 6 1.3(0.5) 2.0(0.6) 0.67(0.2) >1500 ** ** 
IFF 5 1.2(0.3) 1.6(0.3) 0.45(0.2) 760 0 5 
IFCy 4 1.7(0.4) 2.2(0.5) 0.50(0.2) >1300 2 0 
Control II 1 0 1 .4(1) 2 .0 (1 .5 ) 0 .58 (0 .6 ) 895 1 9 
IIRC 6 1.3(0.7) 1.5(0.5) 0.42(0.1) 1 165 ** ** 
IIRF 6 1.6(0.6) 2.1(0.6) 0.50(0.1) 1005 ** ** 
IIRCy 5 1.1(2.2) 2.7(1.3) 0.52(0.2) >1500 ** ** 
IIRC/F 6 1.5(0.5) 2.0(1.0) 0.58(0.5) 1230 ** ** 
IIRC/Cy 6 1.4(0.2) 1.8(0.3) 0.38(0.1) >1500 ** ** 
IIFF 6 1.8(1.0) 2.4(1.4) 0.63(0.4) 1035 2 4 
IIFCy 5 1.8(0.6) 2.4(0.7) 0.56(0.1) >1500 2 0 
A=Aeurysm, Ang=Angiography, Expl=Exploration 
* Comparison of bursting pressure between the post-treatment group and the appropriate control 
group(Dunnett control group comparison test): 
Control I vs IRC P > 0.05 Control II vs IIRC P < 0.01 
Control I vs IRF P < 0.05 Control II vs IIRF P > 0.05 
Control I vs IRCy P < 0.01 Control II vs IIRCy P < 0.01 
Control I vs IRC/F P < 0.01 Control II vs IIRC/F P < 0.01 
Control I vs IRC/Cy P < 0.01 Control 丨丨 vs IIRC/Cy P < 0.01 
Control 丨 vs IFF P < 0.01 Control 丨丨 vs IIFF P > 0.05 
Control I vs IFCy P < 0.01 Control II vs IIFCy P < 0.01 
** Site of bursting NOT identified because of nature of the reinforcement material. 
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i Table 10 
1 
Therapeutic study: results of f i l l ing treatment 
‘ .1 
Groups* Total number of aneurysm Complete aneurysm Incomplete or faile Parent artery 
received filling treatment (%) occlusion (%) aneurysm occlusion (%) occlusion (%) 
i IFF 6 3 2 1 
IFCy 6 2 2 2 
I IIFF 6 4 2 0 
丨 IIFCy 9 5 1 3 
27 14(52) 7(26广 6(22 广* 
* IFF =Filling with fibrin sealant, bursting pressure measured immediately after the treatment. 
IFCy =Filling with cyanoacrylate, bursting pressure measured immediately after the treatment 
IIFF =Filling with fibrin sealant, bursting pressure measured at 1 week after the treatment. 
IIFCy=Filling with cyanoacrylate, bursting pressure measured at 1 week after the treatment. 
** Including 3 failed aneurysm occlusion. 
*** Including 4 of which the parent arteries were confirmed patent by Hayhurst and O'Brien's method 
(Nieuborgh 1979) immediately after the filling but found occluded on subsequent angiography. 
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� Table 4 
Comparison of the major characterist ics of aneurysms in the natrual 
history groups and the therapeutic groups 
Natrual history groups Therapeutic groups Statistic tests 
(Group lllb.c,d,e) (Group IRC-IIFCy) 
A yield: 88% 86% x2=0.279 P>0.5 
Ang(+) 
Spont A Rupt 
Ang(-) but Expl(+) 
Spont A Rupt 19% 16% x^=0.25 p>0.5 
Mean A height at Ang 1.58mm 1.43mm x^=2.22^ P=0.7 
Mean A height at Expl 2.16mm 2.01mm x^=^.72S P=0.8 
Mean Diff of height 0.58mm 0.59mm x2=2.639 p=0.6 
between at Ang & Expl 
Mean A height of 8.6mm 8.9mm t=0.303 P>0.5 
Spont Rupt 
Successful Ang 92% 96% x2=2.414 P>0.1 
Post-angiography 15% 7% x2=6.425 P<0.02 
death 
A=Aneurysm Ang=Angiography Spont=Spontaneous Rupt=Rupture 
Diff=Difference Expl=Exploration 
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Diagram of aneurysm height measurement: 
A = Distance from the fundus of the aneurysm to the outer side of its parent artery at 
the base of the aneurysm. 
B = Outer diameter of the parent artery. 
C = Aneurysm height=A-B. 
< 、 
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^ ^ ^ ^ Adventitia 
⑴ ^ ) ^ 
\ ^ Clamps 
(2 ) 
I / r Bipolar diathermy 
..:， c 一 - 、 
(5 ) 
( 6 ) = = = = - — — 
Figure 2 
Diagram of aneurysm produced by adventitia bipolar diathermy sealed arteriostomy 
(Group I): 
(1) The adventitia was stripped off. 
(2) The arteriostomy (0.5 axially and 1mm longitudinally) was made by micro-scissors. 
(3) The adventitia was replaced. 
(4) The adventitia was sealed over the arteriostomy by bipolar diathermy. 
(5) Adventitia sealed. 
(6) The vascular approximator clamp was relieved. 
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Z Adventitia path 
Bipolar diathermy 
^ ^ forceps 




Diagram of aneurysm produced by adventitia patch bipolar diathermy sealed 
arteriostomy (Group I la): 
(1) The arteiostomy (0.5x1 mm) was made by micro-scissors. 
(2) The adventitia patch was placed over the arteriostomy. 
(3) The patch was sealed over the arteriostomy by bipolar diathermy. 
(4) The patch was sealed with multiple points which were away from the edge of the 
arteriostomy. • : Points of sealing 
(5) When the vascular approximator clamp was relieved, there was a gentle bulge at 
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Figure 4 
Diagram of aneurysm produced by adventitia patch fibrin sealant sealed arteriostomy 
(Group llla-e): 
(1) The arteriostomy (0.5x1 mm) was made by micro-scissors. 
(2) The adventitia patch was placed over the arteriostomy. 
(3) The patch was sealed over the arteriostomy by coating with fibrin sealant. 












































Diagram of bursting pressure measurement. 
The normal saline was infused at 99ml / hour until the aneurysm ruptured or the 
pressure reached 1500mmhg. 
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Figure SB 
An aneurysm ready for bursting pressure measurement with its parent artery 
cannulated distally (opened arrow) and ligated proximally (solid arrow). 
Figure 5C 
Bursting of the aneurysm as indicated by the two jets of saline at its fundus (solid 
























Figure 6A，B，C: aneurysms on exploration. One small division of the ruler=0.5mm 
Figure 6A 
An aneurysm of group I with a height of 0.6mm (Group I: adventitia diathermy sealed 
arteriostomy, mean height 0.9土0.2mm). 
Figure 6B 
An aneurysm of group Ma with a height of 1mm (Group Ma: adventitia patch diathermy 
sealed arteriostomy, mean height 1.4土0.4mm). 
Figure 6C 
An aneurysm of group Ilia with a height of 2mm (Group Ilia: Adventitia patch fibrin 
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Figure 7A (1week) 7B(2weeks) 7C (4weeks) 7D(6weeks) 
Angiography of a rat of group llle ( bursting pressure done at the end of of the 6th 
week) taken on 1,2,4 and 6 week respectively. Angiographically the aneurysm 
(opened arrow head) is 1.5mm in height and there is no obvious change through out 
the 6 weeks. 
Solid arrow head= carotid artery 
Opened arrow = needle of percutaneous cardiac punture 
Figure 7E 
The aneurysm ( solided arrow head) on exploration at 6 weeks with a height of 2mm, slightly bigger than its angi graphic height (1.5mm). Opened arrow = parent tery
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Figure 8A 
Angiography of a spontaneously ruptured aneurysm of group III (adventitia patch fibrin 
sealant sealed arteriostomy) characterized by its big size (opened arrow head) and a 
swollen neck (solid arrow head) with increased radio-opacity due to haematoma in the 
neck. 
Figure 8B 
Normal appearance of the neck of a rat for comparison with figure 8A. 
Figure 8C 
The ruptured aneurysm was exposed. The ruptured site (solid arrow) is at the dome of 
the aneurysm with a blood clot. Another weakened site has developed at the body 
(solid arrow head). 
One small division of ine ruler = 0.5mm. 
opened arrow heads = parent artery 











Longitudinal section of a spontaneously ruptured aneury (the same aneurysm as 8A，B 
and C ) at day 7 after the procedure, • This is the juntion of the aneurysm with its 
parent artery. The elastic lamina (solid arrows) ends abruptly at the origin of the 
aneurysm. 
P = parent artery 
L = aneurysm lumen 
W = aneurysm wall 
(Elastic stain, x25) 
Figure 9B 
^ 、 
Higher magnification of the aneurysm wall. It composes of mainly reticular structure 
only. There is no endothelial lining • 
L = aneurysm lumen 
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Longitudinal section of an aneurysm in group lllb (adventitia patch fibrin sealant 
sealed arteriostomy with bursting pressure measured at day 7 after the procedure). 
The elastic lamina of the pareny artery (P) terminates at the mouth of the aneurysm 
(opened arrows) and is absent from the aneurysm wall (W). 
(Elastic stain, x 25) 
Figure 10B 
( 、 
Higher magnification of the rectangled-in area of Figure 10A showing the elastic 
lamina ( opened arrow head ) of the parent artery that ends abruptly where the 
aneurysm sac begins. 







































Longitudinal section of the aneurysm. 
L = aneurysm lumen with red cells 
T = crescent- shaped fibrin thrombous 
P = parent artery 
( H & E，x25 ) 
- 一 ？ . 
Figure 10D 
Higher magnification of the squared-in area of Figure 10C. At 1 week after the 
-e 、 
procedure, numerous fibroblasts are present in this aneurysm wall and poorly 
arranged at the region near the lumen ( L )• Young connective tissue are being 
deposited. The inner side of the wall is covered by a thin layer of homogenous-stained 
fibrin ( F ) with an endothelial lining ( solid arrow head) developing. 
( H & E，x250 ) 
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Figure 10C 
Longitudinal section of an aneurysm in Group llle (adventitia patch fibrin sealant 
sealed arteriostomy with bursting pressure measured at 6 weeks after the procedure). 
Comparing with the aneurysm at 1 week ( Figure 10C ) , the aneurysm wall at 6 week 
is thinner in general. 
L = aneurysm lumen 
P = parent artery . 
(Elastic stain, x25 ) 
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Figure 11B 
Higher magnification of the rectangled-in area of Figure 11A showing the termination 
of elastic lamina at the junction of the aneurysm with its parent artery (opened arrow ). 
Some unorganized elastic tissue is evident at the mouth of the aneurysm ( E ). 
(Elastic stain, x100 ) 
Figure 11C 
Higher magnification of the aneurysm wall (squared-in area of figure 11 A).The wall 
(W) composes of well organised collagen fibres with spindle-shaped nucleus. At the 
lumen side (L), a endothelial lining is evident (opened arrow head). Comparing with 
the aneurysm wall structure at 1 week ( figure 10D ) , the fibrous tissue of the 
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Techn ique of wrapp ing 
F igure 12A 
A piece of flattened cotton about 10x15mm (C) is placed under the aneurysm • 
Figure 12B 
wrapping the aneurysm with the cotton. 
Figure 12C The aneurysm is、〜fappec and ready for bursting pressure measurement. 
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Longitudinal section of an aneurysm 1 week after reinforcement by cotton and fibrin 
sealant (group "RC/F). The reinforced material (R) is in a intimate relation with the 
aneurysm wall ann no obvious boundary is seen. 
L = aneurysm lumen 
P = parent artery 
(H & E，x25) 
Figure 13B 
Higher magnification of the reinforced material showing fibroblastic infiltration (F). 
Cotton fibres (Opened arrow head) are seen among the fibrous tissue with mild 
polymophonuclear ceil infiltration and foreign body giant cells (Solid arrow head). 
(曰astic，x250) 
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Technique of f i l l ing 
Figure 14A 
An aneurysm clip (opened arrow) is applied to the base of the aneurysm (solid arrow). 
However, the artery (opened arrow head) is compromised because the 
aneurysm is di 
Figure 14P 
With clamps (soi a ,gw) on the pa;3nt artery, the aneurysm has been punctured 
and a forcep (opened arrow) is used to squeeze out the blood inside the aneurysm. 
Figure 14C 
As tension inside t aneurysm has been relieved, the aneurysm becomes slack and 
the clip (opened a . vv) can now be applied to its base without compromising the 
parent artery (solid arrow). 
Figure 14D 
Injection of glue inl aneury仰 sac is earring out via a needle (opened arrow) 
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Angiography of the same aneurysm (opened arrow head) of Figure 17A-D before the 
filling. 
Figure 14F 
Angiography taken immediately after filling showing disappearance of the aneurysm 
with some stenosis of the parent artery (solid arrow head). 
Figure 14G 
Angiography taken 1 week after the filling. The treated carotid artery is till patent 













































Angiography of an aneurysm (ooened arrow head) before filling treatment. 
Figure 15B 
Angiography taken after the fii-mg treatment. There is still an aneurysm remnant 
(opened arrow head) due to incomplete filling. 
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Angiography of an aneurysm (opened arrow head) before filling treatment. 
Figure 16B 
angiography taken one day after the filling showing occlusion of the treated carotid 
artery inspite of its patency confirmed immediately after the filling by Hayhurst and 
O'Brien's method (Nieuborgh 1979). 
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